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Abstract 
The asymmetric bidentate ligand (±)-1-(dimethylarsino)-2-(methylphenyl-
phosphino)benzene has been synthesised via the reaction of sodium dimethyl arsenide 
with (±)-1-chloro-2-(methylphenylphosphino)benzene in tetrahydrofuran. Resolution of 
the bidentate ligand has been achieved by the method of metal complexation using the 
resolving agent di-Il-chlorobis { (S)-2-[ l-(dimethylamino)ethyl]phenyl-Cl ,N }dipalladium 
(II). A resulting pair of internally diastereomeric Pd(II) hexafluorophosphate complexes 
have been separated by fractional crystallisation and the absolute configuration of the R 
enantiomer of the chiralligand has been determined by a single crystal, X-ray structural 
analysis carried out on the least soluble diastereomeric complex, [SP-4-4-(S),(S)]-{[2-
(dimethyl amino )ethyl]phenyl-C 1 ,N} [1-( dimethylarsino )-2-(methy lpheny lphosphino)-
benzene-As,P]palladium(II) hexafluorophosphate. The optically pure antipodes of the 
\ 
-eptieall) aetive bidentate have ex ± 320 (589 nm, dichloromethane). Chemoselective 
cleavage reactions of the ligand with the alkali metals Li, Na and K have also been 
investigated. Completely selective cleavage of the dimethylarsino moiety of the free 
ligand takes place in the presence of lithium metal in tetrahydrofuran. 
The chiral bidentate ligand (±)-(2-aminophenyl)(2-chlorophenyl)methyl-
phosphine has been successfully synthesised in four relatively high yielding steps from 
(±)-(2-aminophenyl)diphenylphosphine. Selective cleavage of a phenyl group from (±)-
(2-aminophenyl)diphenylphosphine using lithium metal in tetrahydrofuran gave, upon 
hydrolysis, the secondary phosphine, (±)-(2-aminophenyl)phenylphosphine in 94% 
yield. Reaction of the secondary phosphine with sodium metal in tetrahydrofuran 
followed by alkylation with iodomethane gave the asymmetric bidentate ligand (±)-(2-
aminophenyl)methylphenylphosphine in 91 % yield. Selective cleavage of the phenyl 
group of the methylphenylphosphino moiety with lithium metal in tetrahydrofuran 
11 
followed by hydrolysis gave (±)-(2-aminophenyl)methylphosphine in 93% yield. The 
chiral bidentate ligand, (±)-(2-aminophenyl)(2-chlorophenyl)methylphosphine, was 
subsequently obtained in 78% yield via the coupling reaction between the sodium salt of 
(±)-(2-aminophenyl)methylphosphine and 1, 2-dichlorobenzene in tetrahydrofuran. 
Resolution of the bidentate ligand was again achieved via the method of metal 
complexation using the resolving agent di-~-chlorobis ((R)-[ 1-(dimethylamino)-
ethyl]naphthyl-C2,N}dipalladium(lI). The absolute configuration of the R enantiomer of 
the racemic ligand was determined from an X-ray crystal structure determination carried 
out on the least soluble diastereomeric complex [SP-4-2-(S),(R)]-[(2-aminophenyl)(2-
chlorophenyl)methylphosphine-N,P] [1-(dimethylamino)ethyl]naphthyl-C 2,N]pall adium-
(II) hexafluorophosphate. Both R and S enantiomers of the ligand have been obtained 
in an optically pure form having a. ± 2180 (589 nm, acetone). 
The coupling reaction between the bidentate ligand (±)-(2-aminophenyl)(2-
chlorophenyl)methylphosphine and sodium (2-dimethylarsinophenyl)methylarsenide has 
been investigated. When the coupling reaction was carried out in tetrahydrofuran using 
equimolar quantities of the reactants it was found that the main product was a 1 : 1 
diastereomeric mixture of the chiral pentadentate ligands, (RAs* ,RAs* ,Sp*)- and 
(RAs* ,SAs* ,Rp*)-5-amino-1,4, 11,14-tetraarsino-2,3,6,7 ,9,10,12, 13-tetrahydrotetra-
benzo-1,1,4,8,11,14,14-heptamethyl-8-phosphinotetradecine in ca 60% yield. The chiral 
quadridentate ligand, (RAs* ,Sp*)-(±)-1-[(2-dimethylarsinophenyl)methylarsino]-2-[(2-
aminophenyl)methylphosphino]benzene can be isolated in ca 12% yield, however, when 
an excess (1.5 equivalents) of the tertiary phosphine, (±)-(2-aminophenyl)(2-
chlorophenyl)methylphosphine, is used in the coupling reaction. The diastereomeric 
pentadentate ligands can be envisaged as arising from replacement of either of the two 
diastereotopic NH protons of the quadridentate ligand by the (2-dimethylarsinophenyl)-
methylarsino moiety. The chiral multidentate ligands have been isolated by complexation 
111 
to cobalt(III) and the structure of the three complexes determined by X-ray 
crystallographic analysis. 
It is clear from the structural data that the quadridentate ligand has formed a single 
dichlorocobalt(ill) complex with cis-a stereochemistry and in which the stereogenic 
arsenic and phosphorus atoms of the ligand have opposite relative configurations. This is 
the first reponed example of a chiral quadridentate ligand containing an AS2NP donor set. 
The relative configurations of these two stereo genic atoms are retained in the two 
chlorocobalt(ill) complexes containing the racemic pentadentate ligands; the second 
stereogenic arsenic center adopts a different relative configuration in the two 
diastereomers. These appear to be the first structurally documented examples of transition 
metal complexes containing a Co-As-N bonding arrangement. 
Clearly the coupling reaction between (±)-(2-aminophenyl)(2-chlorophenyl)-
methylphosphine and sodium (2-dimethylarsinophenyl)methylarsenide proceeds in a 
compietely stereoselective manner to give the quadridentate ligand, (RAs*,Sp*)-(±)-I-
[(2-dimethylarsinophenyl)methylarsino]-2-[ (2-aminophenyl)methylphosphino ]benzene, 
which can presumably react funher with sodium (2-dimethylarsinophenyl)methylarsenide 
to give the two diastereomeric pentadentate ligands, (RAs* ,RAs* ,Sp*)- and 
(RAs* ,S As* ,Rp*)-(±)-5-amino-l ,4,11, 14-tetraarsino-2,3,6,7 ,9,10,12, 13-tetrahydro-
tetrabenzo-l,1 ,4,8,11,14, 14-heptamethyl-8-phosphinotetradecine. The latter reaction is 
completely regioselective. 
Two other complexes have also been isolated from the coupling reaction: trans-
dichlorobis[1 ,2-phenylenebis(dimethylarsine)]cobalt(III) chloride and bis[(2-amino-
phenyl)methylphenylphosphine]dichlorocobalt(ill) chloride. The latter complex is isolated 
as an isomeric mixture. The formation of the asymmetric bidentate (±)-(2-amino-
phenyl)methylphenylphosphine is believed to result from reduction of the chloro group in 
the tertiary phosphine precursor by the sodium arsenide reagent or by hydride ion (which 
is presumably produced in the formation of the pentadentate ligands). Metal assisted 
IV 
methylation of a (2-dimethylarsinophenyl)methylarsino moiety by methanol is postulated 
to account for the formation of 1, 2-phenylenebis(dimethylarsine) in the reaction. 
The optically active forms of the quadridentate and pentadentate ligands were 
prepared in a similar manner by reacting 1.5 equivalents of the optically active bidentate, 
(R)-(2-aminophenyl)(2-chlorophenyl)methylphosphine with 1 equivalent of sodium (2-
dimethylarsinophenyl)methylarsenide in tetrahydrofuran. The ligands have again been 
separated by complexation to cobalt(ID). The optically active dichlorocobalt(ID) complex 
of the quadridentate ligand, [OC-6-35-{S-(RAs* ,Sp*) } ]-dichloro{ 1-[ (2-dimethylarsino-
phenyl)methylarsino ]-2-[ (2-aminophenyl)methylphosphino ]benzene-As, As I , N, P}-
cobalt(Ill) chloride, had ex + 1720 (589 nm, methanol). The chlorocobalt(ID) complexes 
of the isomeric pentadentate ligands, [OC-6-43-{S-(RAs*,RAs*,Sp*)}]- and [OC-6-43-
{R-(RAs* ,SAs* ,Rp*)} ]-[5-amino-l,4,11,14-tetraarsino-2,3,6,7 ,9,10, 12, 13-tetrahydro-
tetrabenzo-l, 1 ,4,8, 11,14, 14-heptamethyl-8-phosphinotetradecine-As,As I ,As I I ,As I I I , 
P]chlorocobalt(lll) chloride, had ex +380 (589 nm, methanol) and ex +1920 (589 nm, 
methanol), respectively. 
A preliminary investigation into the possibility of preferentially cleaving the As-N 
bond of the free pentadentate ligands to give the quadridentate ligand has been 
undertaken. It has been shown that cleavage of the As-N bond does indeed occur when 
the uncomplexed products from a coupling reaction are reacted with excess potassium 
hydride in benzene at 50 OC for 24 hours. Subsequent alkylation with icxlomethane gives, 
exclusively, the quaternary phosphonium salt, (±){2.-aminophenyl)dimethyl[2-(2-
dimethylarsinophenyl)methylarsinophenyl]phosphonium iodide. 
In a parallel approach the cobalt(ID) complex of the (RAs * ,RAs * ,Sp*) form of the 
pentadentate ligand has been subjected to cyanolysis with aqueous potassium cyanide in 
the presence of benzene. A dicyano complex, (±)-[Co(CNh {(RAs* ,Sp*)-I- [(2-
dimethylarsinophenyl)methylarsino]-2-[(2-aminophenyl)methylphosphino]benzene}]CN, 
v 
has been formed indicating that the As-N bond of the coordinated pentadentate ligand has 
'It 
been cleaved. Liberation of the quadridentate ligand from the metal cen~can be achieved 
by heating a suspension of the dicyano complex in benzene / aqueous Dotassium cyanide at 
decomplexation. 
reflux for 24 hours. 'The stereochemistry is not however retained on A ca 5 : 1 
, , /\ 
diastereomeric mixture of the (RAs* ,Sp*) and (RAs* ,Rp*) forms of the quadridentate 
ligand is produced; this is consistent with partial epimerisation of the arsenic stereocenter. 
v i 
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Stereochemical N omencla ture 
The stereochemical nomenclature used in this work is consistent with that used 
in the latest Chemical Abstracts Index Guide.285 The relevant guidelines for the application 
of stereochemical descriptors is summarised below: 
(i) Assignment of absolute configuration by the descriptors R or S conforms to 
the sequence rule specifications of Cahn, Ingold and Prelog (CIP).284 
(li) The relative descriptors R* and S* are similar to R and S but are relative in 
the sense that the lowest numbered (first cited, highest priority) asymmetric centre is 
arbitrarily assigned an R * descriptor. For example, a compound assigned the relative 
descriptor (R * ,R *) contains two stereocentres having the same absolute configuration, 
either both R or both S. In a similar fashion, the relative descriptor (R*,S*) implies that 
one stereocentre is R and the other S. An identical argument applies for compounds with 
three or more stereocentres. 
(iii) These descriptors are used to relate the total stereochemical information for a 
compound as follows: 
(a) When only one chiral element is present in the molecule, the absolute 
descriptor is cited as (R)- or (S)-. If two or more chiral elements are present, the reference 
centre which is of highest rank according to the sequence rule (CIP) is assigned an R or S 
descriptor. 
(b) Optical rotation [descriptors (±)-, (-)-,and (+)-]; When the absolute 
stereochemistry is described as in (a) the sign of rotation can be omitted. For molecules 
having more than one chiral element the sign of rotation is cited together with a relative 
descriptor. 
xx 
(iv) The absolute descriptor is cited fIrst, followed by the relative descriptors, if 
any, in parentheses. The entire descriptor set is then enclosed in brackets. For example, a 
molecule containing two chiral centres of the same helicity, say R, the stereochemical 
descriptors preceding the name or formula of the substance and the optical information will 
be given thus: [R-(R*,R*)]-(+)- or [R-(R*,R*)]-(-)-. 
For molecules containing two or more different stereogenic atoms (other than 
carbon atoms) the relative descriptors will be subscripted with the relevant atomic symbol. 
For example, a molecule containing two stereogenic arsenic centres of the same chirality and 
one stereogenic phosphorus of opposite chirality will be assigned a relative descriptor set 
(RAs* ,RAs*,Sp*). When the absolute stereochemistry is described the absolute descriptor 
will be cited fIrst followed by the subscripted, relative descriptors, if any, and the entire 
descriptor set enclosed in brackets, for example: [R-(RAs* ,RAs* ,Sp*)]-( +)-
(v) For coordination compounds, however, additional descriptors are necessary 
to completely describe the stereochemistry.286 For mononuclear complexes the coordination 
descriptors are composed of: 
(a) A system descriptor to describe the molecular geometry around the nuclear 
centre. The descriptors SP-4 are used for square planar complexes and OC-6 for octahedral 
complexes. 
(b) A confIguration number to specify the locations of the atoms on each axis and 
plane of the system. 
A square planar, (SP-4), structure is unambiguously specifIed by a coordination 
descriptor [SP-4-N] where N, the confIguration number, is equal to 2, 3 or 4. These 
compounds have the ligating atoms at the corners of a square and the confIguration number, 
N, is simply the priority number of the ligand trans to the ligand of highest priority as 
determined by the CIP sequence rules. 
XXI 
Octahedral complexes, (OC-6), require a two digit configuration number, N1N2. 
in addition to the system descriptor, and are specified thus [OC-6-NIN~. Nl is the CIP 
priority number of the ligating atom trans to the ligating atom of priority 1 and N2 the 
priority number of the ligating atom trans to the most preferred atom in the plane 
perpendicular to the principal axis that contains the ligand of priority 1. If two ligands are 
assigned priority 1 on the basis of the CIP rules, the preferred axis is taken as that which 
follows the principle of maximum trans difference ( that is 1,3 takes precedence over 1,2 
etc.). Donor atoms of R absolute configuration take precedence over those of S absolute 
configuration. Furthermore, for octahedral complexes chirality is denoted by !1 for a right 
handed and A for a left handed helix, as specified by the IUPAC recommendations.286 
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Inorganic chemistry is today, it might readily be argued, enjoying one of the 
most fruitful, exciting and interesting periods in its history. Since the early 1950's 
much successful and innovative research has been undertaken in the areas of transition 
metal coordination chemistry and the use of transition metal complexes as chiral 
auxiliaries in enantioselective catalysis. The intensive research in this field has been 
driven basically by the demand for enantiomerically pure compounds as 
pharmaceuticals, pesticides, fungicides, food additives and as reagents in a wide range 
of organic syntheses. This demand has been growing annually. 
Chirality plays a major role in nature. Amino acids, carbohydrates and sugars 
all exist in living systems in predominantly one enantiomeric form. Enantiomers, as is 
now well known, exhibit in many cases quite different physiological and biological 
behaviour. 1 A classic example of such different behaviour is that which was 
encountered with the racemic form of the drug thalidomide. The (R)- enantiomer of 
this drug is a very effective, mild sedative with a minimal toxicity, whereas the (S )-
enantiomer is an extremely potent teratogen. Another example is that of pheromone 
activity in insect species which in some cases is critically dependent on enantiomeric 
purity.2,3 
Prior to the 1960's it was generally believed that high enantioselectivity was the 
exclusive domain of enzymic catalysts and thus the chemist ' s ability to synthesise 
chiral molecules enantioselectively appeared to have limitations. Although the scope of 
enzymic asymmetric catalysis is indeed far reaching,4 and the value of enzymatic 
procedures cannot be over emphasised, they do have limitations. Most enzymes readily 
perform only with their natural substrates and even with closely related substrate 
molecules a substantial drop in activity is usually observed. For many enzymic 
processes a coenzyme is also required and this together with their substrate specificity 
2 
is perhaps their greatest limitations. Furthermore most enzymes produce just one 
enantiomer and increasingly both optically pure enantiomers are required. 
Thus the major challenge facing chemists has been the requirement to develop 
non-enzymatic catalysts for asymmetric syntheses which are efficient and economically 
viable and can be used to synthesise natural and unnatural optically active compounds. 
It is probably reasonably safe to say that such catalysts may exist for most, if not all, 
enantioselective processes. The problem of course is to find them and very significant 
advances in this respect have been made during the last three decades.5-9 
1.2 Heterogeneous and Homogeneous Enantioselective 
Catalysis using Transition Metal Complexes 
The first reported example of heterogeneous enantioselective catalysis using a 
transition metal system appeared as early as 1956. Akabori et al. lD using a catalyst 
obtained by reduction of a palladium-protein (silk fibroin) complex reported the 
synthesis of optically active glutamic acid, phenylalanine and diphenylethylenediamine 
via hydrogenation of their precursors, although in very low optical yields. Continued 
research in the area of heterogeneous catalysis with the hydrogenation of olefinic 
substrates met, in most instances, with but very limited success producing chiral 
products with enantiomeric excesses in the range of only 10 to 15%. 
The first documented example of homogeneous asymmetric catalysis to appear 
in the literature occurred in 1966. Nozaki et al. ll found that a chiral copper(II) Schiff 
base complex catalysed the decomposition of ethyl diazoacetate in styrene to give cis-
and trans-2-phenylcyclopropanecarboxylate albeit in less than 10% optical yield. 
Further research saw dramatic improvements in the optical induction of the 
cyclopropanation reaction leading to the asymmetric synthesis of chrysanthemic acid 
derivatives in up to 94% enantiomeric excess. 12 
3 
The major breakthroughs in homogeneous asymmetric catalysis were made in 
the 1960' s. The discovery by Wilkinson et al. (1965) 13 of the hydrogenation of 
alkenes at low temperature and pressure using a (triphenylphosphine)rhodium(I) 
catalyst system fuelled intensive research in this area. The first application to 
asymmetric catalysis followed soon after. In 1968 Horner et al. 14 reported the 
hydrogenation of 2-phenylbutene and Knowles et al. 1S the hydrogenation of 2-
phenylacrylic acid. A rhodium(I) complex of (R)-methylphenyl-n-propylphosphine 
was used in each case and even though enantioselectivities were low, 8 and 15%, 
respectively, the results were sufficiently encouraging to warrant further research. A 
better perspective on these figures is obtained when they are compared to optical yields 
obtained, for example, in the asymmetric reduction of ketones using Grignard reagents 
prepared from certain optically active alkyl halides. l6a Optical yields, depending on 
conditions, ranged from 2 to 25%. An interesting and comprehensive analysis of 
asymmetric reduction techniques up to 1966 has been compiled by Morrison.16b 
Later both MOlrison 17 and Kagan 18 demonstrated that the chirality need not 
necessarily be on the phosphorus atom. By 1972, Knowles et al. 19 had developed a 
ligand (R)-o-anisylcyclohexylmethylphosphine, (R)-CAMP, which was successfully 
used as a chiral auxiliary in the rhodium(I) catalysed hydrogenation of various 
acylphenylalanine precursors with optical yields approaching 90%. 
An extensive review article, which illustrates the scope of the chemical and 
catalytic reactions of Wilkinson's catalyst, has been compiled by Jardine (1981).20 
1.2.1 Di(tertiary phosphines) in asymmetric catalysis 
Initial attempts to achieve high stereoselectivities in asymmetric reactions 
focused on the use of rhodium(I) complexes of chiral monodentate phosphine ligands 
as catalysts. The optical yields were generally fairly low, except with some particular 
substrates where enantiomeric excesses in the range 85 to 90% were obtained. The low 
4 
inductions were attributed to conformationallability.21,22,23a,b Rotamerically labile 
monodentate phosphines can present an approaching prochiral molecule with a number 
of different diastereotopic interactions which can nullify any asymmetric induction.24 
Higher optical yields for a broader range of substrates were ultimately obtained 
using less labile, chiral bidentate phosphines as ligands. The importance of structural 
rigidity was substantiated by asymmetric inductions using rhodium-diphosphine 
systems which gave enantiomeric excesses in some cases greater than 95%.25,26 
Optically active di(tertiary phosphines) have undoubtedly proven to be the most 
successful chiral auxiliaries designed to date. Amongst the many asymmetric reactions 
catalysed by transition metal complexes containing such chiral auxiliaries, asymmetric 
hydrogenation has been the most intensely studied and has had the most spectacular 
successes. Indeed the commonly accepted standard for evaluation of the efficacy of 
new catalyst systems has been the asymmetric hydrogenation of N-acyldehydro-n-
amino acids. Of the large number of optically active chelating di(tertiary phospbines) 
that have been developed and used in asymmetric synthesis, ligands 1 to 8, which are 
depicted in Figure 1, together with their acronyms, have been amongst the most 
successful across a wide spectrum of catalytic reactions. The commonly used names of 
these ligands are listed in Table 1. Asymmetric hydrogenation reactions with 
enantioselectivities in some instances approaching 100% have been achieved with 
rhodium(I) complexes containing the diphosphines 1 to 8.6,27 Synthesis of the 
diphosphines 1 to 6 are now well established procedures,S and most are commercially 
available. With the exception of Dipamp, 6, which contains stereogenic phosphorus 
atoms, the chirality in the ligands lies in the carbon backbones; the ligands are 
synthesised using readily available chiral organic precursors which can be fairly easily 
incorporated to give optically active di(tertiary phosphines). Binap, 5, does not have 
any asymmetric centres and owes its chirality to the restricted rotation about the bond 
between the naphthyl groups (atropism). 
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Figure 1 Optically active di(tertiary phosphines) that have been highly 
successful as chiral auxiliaries in asymmetric catalysis 
5 
6 
Table 1 Commonly used names of some optical active di(tertiary phosphines) 
widely used in asymmetric catalysis 
1 Prophos 27,28-30 (I-Methyl-l,2-ethanediyl)bis(diphenylphosphine) 
2 Chiraphos 27,28 (l,2-Dimethyl-l,2-ethanediyl)bis(diphenylphosphine) 
3 Norphos 27,31,32 Bicyclo[2,2,I]hept-5-ene-2,3-diylbis(diphenylphosphine) 
4 Diop 21,27, 33-35 [(2,2-Dimethyl-l,3-dioxolane-4,5-diyl)bis(methylene)]bis-
5 Binap 27,36,37 
6 Dipamp 25,27,31 
7 BPPM 31,38a,h,39 
8 Pyrphos 40,41 
(diphenylphosphine) 
(1,1' -Binaphthalene-2,2' -diyl)bis(diphenylphosphine) 
1,2-Ethanediylbis[ (2-methoxyphenyl)pheny lphosphine] 
4-(Diphenylphosphino)-2-[(diphenylphosphino)methyl]-1-
pyrrolidinecarboxylic acid-I, l-dimethylethy lester 
1-Benzoyl-3,4-bis( dipheny lphosphino )pyrrolidine 
Since the momentous work of Horner, Knowles and their co-workers, the 
kinetic and mechanistic aspects of asymmetric synthesis using rhodium(l) complexes 
containing chiral di(tertiary phosphine) ligands, particularly asymmetric hydrogenation 
reactions, have been substantially addressed, and this has led to a considerable 
understanding of the mechanisms of such catalytic reactions. 
A detailed and lucid exposition of the general principles of asymmetric 
synthesis is to be found in the book 'Asymmetric Catalysis', 8 edited by Bosnich 
(1986) and in articles by Koenig,6 Halpern,42,43 Brunner,44,45 and Bosnich.46 
Comprehensive reviews of catalytic asymmetric reactions promoted by transition metal 
complexes have been compiled by Valentine and Scott (1978),47 Brunner (1988),27 
and Ojima et al. (1989).48 
7 
One of the most significant advances in asymmetric synthesis in recent years 
has been the development of the (Binap)ruthenium(lI) catalyst system, 9, by Noyori et 
al.49 This new complex has extended the usefulness of the asymmetric hydrogenation 
reaction to prochiral olefinic substrates other than the dehydroamino acids. The 
(Binap)ruthenium(II) catalyst was first used for the asymmetric hydrogenation of 
isoquinoline alkaloid precursors.49 Enantioselectivities in excess of 95% were 
achieved for key isoquinoline alkaloid intermediates. The catalytic process was 
extended by Noyori50 and co-workers to the asymmetric synthesis of benzomorphans 
and morphinans. The availability of both (R)- and (S)-Binap opens up effective routes 
to a variety of alkaloid drugs such as (-)-metazocine and (-)-pentazocine and has the 
potential to become a commercial process for these drugs. 
9 
The (Binap)ruthenium(II) catalyst was also successfully applied to asymmetric 
hydrogenation of substituted acrylic acids, compounds which were recognised to be 
difficult substrates for rhodium(I) systems. High enantiomeric excesses were obtained; 
(S)-naproxen, an important anti-inflammatory drug, was obtained via the {(S)-Binap}-
Ru(II) catalysed hydrogenation of cx.-(methoxynaphthyl)acrylic acid with a 92% yield 
and 97% enantiomeric excess.51 
8 
Hydrogenation of functionalised ketones can be achieved with RuX2(Binap), 
where X = Cl, Br, or 1.50,52,53 The (Binap)ruthenium(II) dicarboxylates were also 
successful in the asymmetric hydrogenation of prochiral, allylic and homoallylic 
alcohols. Geraniol and nerol gave (R)- or (S)-citronellol depending on the chirality of 
the Binap used.54 The asymmetric reduction of p-keto esters was also successfully 
achieved using this catalyst system.36,37.53 The fIrst effIcient chemical synthesis of 
(R)-carnitine, a carrier of long chain fatty acids through the mitochondrial membrane, 
was effected using RuX2[(R)-Binap], again by Noyori and co-workers.55 
Recently, Ohta et al. (1994),56 have reported the asymmetric synthesis of 
silanes with a stereogenic centre at silicon via hydrosilylation of symmetric ketones 
with prochiral diarylsilanes catalysed by (Binap)rhodium(I) complexes. Optically active 
alkoxysilanes were obtained in greater than 99% enantiomeric excess. 
Application of di(tertiary phosphines) to reactions other than asymmetric 
hydrogenation have, of course, been investigated and in many instances have met with 
moderate to high success. Amongst the most successful asymmetric reactions examined 
and the chiral auxiliaries used have been the following; 
Hydrosilylation: Norphos, 3, and Diop, 4;57.58-61 
Allylic alkylation: Diop, 4, BPPM, 7, and Dipamp, 6;62.63 
H ydrofonnylation: 
Grignard Cross Coupling: 
Isomerization: 
Diop, 4, and Chiraphos, 2;64.65 
Prophos, 1, and Chiraphos, 2;66.67 
Binap, 5, Diop, 4, and BPPM, 7.68.69 
The ligand BPPM, 7, showed good catalytic response in the asymmetric 
hydroformylation of a variety of 0lefIns.39 The system PtC12(BPPM)-SnCI2, in the 
hydroformylation of styrene gave 4-isobutylstyrene with 80% optical yield.7 0 
Asymmetric hydroboration reactions using rhodium (I) complexes of (S,S)-Diop, 4, 
(R)-Binap, 5, or (S,S)-Chiraphos, 2, with catecholborane (1,3,2-benzodioxaborolane) 
have also been successfully carried out.71 ,72,73 
9 
Sato et ai.74 have reported the asymmetric hydroboration of prochiral alkenes 
to the optically active 2-alkyl-l,3,2-benzodioxaboroles; (S,S)-Diop, 4, being the most 
effective chiral auxiliary. Hayashi et ai.75 using [Rh(CODh]BF4, (R)-Binap, S, and 
catecholborane achieved asymmetric hydroboration of styrene leading to 1-
phenylethanol with 96% enantiomeric excess. 
1.2.2 Industrial applications of asymmetric catalysis 
One of the most successful and perhaps best known industrial scale use of 
enantioselective catalysis is the Takasago process for the commercial synthesis of (-)-
mentho1.68.76 Asymmetric isomerization is the key step in the reaction sequence 
outlined in Scheme 1. This process now provides a significant fraction of the total 
world production of (-)-menthol. The optical purity of the synthetic citronellal thus 
obtained is actually higher than the natural product. 
Aratani77 and co-workers at the Sumitomo Chemical Company have developed 
a practical synthesis of chrysanthemic acid and its derivatives. A copper complex with 
an optically active iminodiol, prepared by the condensation of salicylaldehyde with an 
optically active amino alcohol, gives excellent results in the asymmetric synthesis of 
(lS)-2,2-dimethylcyclopropanecarboxylate from 2-methylpropene and ethyl diazo-
acetate. 13 The product is an important intermediate in the commercial synthesis of 
cilastatin,78 an enzyme inhibitor used with the p-lactam antibiotic, imipenem (N-
formimidoylthienamycin)79 in the treatment of urinary infection. 
The first asymmetric catalytic process to be used commercially was Monsanto's 
L-Dopa synthesis, Scheme 2, which was introduced in 1972 following the pioneering 
work of Knowles et ai.76•80 L-Dopa, (S)-3,4-dihydroxyphenylalanine, is a drug used 
in the treatment of Parkinson's disease. Hydrogenation of the enamide, 10, with a 
Rh(I)-Dipamp catalyst and acidic hydrolysis of the N-acylated amino acid, 11, gave the 




















The bis(aminophosphine), PNNP, 12, developed by Firioni et al. 81 ,82 is now 
in use in Italy for the commercial synthesis of (S)-phenylalanine in connection with the 
production of the artificial sweetener aspartame. Miyano et al.83 have developed a 













A review of enantioselective syntheses currently being used in industrial 
processes has been compiled by Scott.84 Its scope, however, has been limited by 
industrial secrecy and patent rights. 
1.2.3 Other chiral bidentate ligands in asymmetric catalysis 
Besides optically active di(tertiary phosphines) numerous other ligand systems 
have been investigated as potential chiral auxiliaries in asymmetric synthesis during the 
past thirty years. Optically active diphosphinites, phosphinamides, aminophosphine 
phosphinites, amines, imines and sulfoxides are amongst the auxiliaries which have 
been tried in enantioselective catalysis.5 Most have had very limited success. Recently, 
isoquinolylphosphines85 and oxazolylphosphines86,87 have been investigated. Some 
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Figure 3 Optically active isoquinolyl- and oxazoly-phosphines, amines, 
imines and sulfoxides 
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The diphosphinites, 14-16, and the phosphinamides, 17 and 18, have not 
proved to be particularly useful as chiral auxiliaries. Phosphinites, in particular, are 
thermally unstable and difficult to handle.104 However, a rhodium(I) complex, 
[Rh(1,5-hexadiene)Clh, in the presence of 16 gave fairly effective stereochemical 
control. For example, the optical yield in the hydrogenation of a-ethyl styrene was 
33%, and for the hydrogenation of N-acetamidoacrylic acid derivatives optical yields 
up to 79% were obtained.91 Ligand 17 was used in a nickel(O) catalyst system for the 
asymmetric co-dimerization of 1,3-cyclohexadiene and ethylene resulting in 3-vinyl-
cyclohexene in 73% enantiomeric excess,93 however, a rhodium(I) system with 17 
~as found to be ineffective for the asymmetric hydrogenation of prochiral 0lefms.94 
Encouraging results have been obtained with some aminophosphine ligands; 19-21, in 
rhodium(I) catalysed asymmetric hydrogenations96.9? gave enantiomeric excesses of 
up to 80%. The aminoimine, 24, has been used in the rhodium(I) or platinum(II) 
catalysed hydrosilylation reaction of acetophenone giving optical yields approaching 
90%.98 
Of particular note are the biaryl phosphine, 22, and the oxazolylphosphine. 
23, which have been successfully used as chiral auxiliaries in the catalytic 
hydroboration of vinyl arenes85 in up to 94% enantiomeric excess and in the palladium-
(II) catalysed allylic substitution of 1,3-diphenylprop-2-enyl-l-acetate which 
approached 99% enantiomeric excess, respectively.86.8? 
Chiral sulfoxides have not as yet been investigated to any great extent as 
auxiliaries in asymmetric catalysis. Ruthenium(II) complexes containing disulfoxide 
ligands of type, 27, have been prepared by James et al. I05 Trials of the complexes in 
asymmetric catalysis were not, however, very promising. A ligand containing a chiral 
dihydrooxazole and an achiral thiophen moiety has shown reasonable levels of 
asymmetric induction in palladium(II) catalysed allylic substitution reactions.86.8? 
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The use of modified water soluble phosphine ligands, including sulfonated 
diphosphines, is discussed in a recent paper by Kalck and Montell. 106 
The di(teniary arsines), 28 and 29, are also worthy of note as it might be 
thought that, as a natural consequence of the spectacular successes achieved in 
asymmetric homogeneous catalysis using chiral di(tertiary phosphines), more extensive 
research into the role of their arsenic analogues as potential auxiliaries would have been 
carried out. Little, however, has been reported in this area. This may have been due, in 
part at least, to the very limited results obtained with Diarsop, 28,107,108 the arsenic 
analogue of Diop, 4. Experiments on the asymmetric hydrogenation of (Z)-a-
acetamidocinnamic acid using a rhodium(I) catalyst containing Diarsop gave very poor 
optical yields, less than 27%.108 The potential of the sulfur analogue of Diop (Dios), 






Later Wild et aI. (1986) 110 prepared rhodium(I) complexes containing the enant-
iomers of (RAs* ,RAs*)-l ,2-phenylenebis.(methylphenylarsine), (RAs* ,RAs*)-Dias, 
29,111 and its phosphorus analogue (Rp*,Rp*)-Diph. 1l2 The efficacy of the two 
systems using rhodium(l) complexes containing the enantiomers of (Rp*,Rp*)-Diph 
and CRAs*,RAs*)-Dias, 29, were investigated as catalysts in asymmetric hydrogenation 
reactions. Both systems were shown to be very efficient catalysts for the asymmetric 
hydrogenation of prochiral (Z)-substituted enamide acids and esters. a-Amino acid 
16 
derivatives were obtained in up to 94% enantiomeric excess. More importantly the 
arsenic containing complex was in many instances superior to its phosphorus cousin. 
More than 300 optically active ligands were prepared in the years prior to 1985 
and used to modify transition metal catalysts. These ligands and enantioselective 
reactions in which they have been used are detailed in Brunner's (1988),27 
comprehensive review. Other review articles are those by Brunner (1983),44 Brunner 
(1986),45 Ojima et ai. (1989),48 Kagan (1985),5 Blystone (1989),113 and Consiglio et 
ai. (1989).114 
Excellent expositions of the chemistry of Binap are to be found in Noyori's 
Centenary Lecture,115 and in the papers by Noyori and Tayaka.1l6,1l7 Reviews by 
Trost, (1989),118 and Frost et ai. (1992),119 cover selectivity and cycliYations in 
palladium(Il) catalysed allylic alkylations and substitutions. 
1.3 Chiral Multidentate Phosphines with C3 Symmetry in 
Asymmetric Catalysis 
Ligands possessing a twofold axis of symmetry have, in the past, been the 
principle objects of research. However, interest in the synthesis of new, chiral, 
polydentate phosphine ligands with C3 symmetry, and their potential as chiral 
auxiliaries in asymmetric synthesis, has recently intensified. 
It has been generally accepted that the high asymmetric inductions achieved 
with C2 symmetric chiral auxiliaries, of which Kagan's Diop, 4,21 was the first highly 
successful example, are attributable, to a high degree, to the reduction in the 
multiplicity of diastereomeric transition states available to the substrates during the 
catalytic induction process. Catalysts derived from bidentate ligands possessing C2 
symmetry offer two (but) equivalent diastereomeric environments for reactions 




C2 symmetry and asymmetric induction has been the subject of a review article 
by Whitesell (1989).120 
It is well known, however, that many asymmetric catalytic reactions proceed 
through octahedral intermediates.28 ,121 An octahedral intermediate with a C2 
symmetric bidentate ligand would present two non-equivalent (diastereotopic) 
coordination sites to the substrate. [Compare the axial SI, S2 and equatorial S3, S4 
positions of (1), Figure 4]. A chiral C3 symmetric ligand in an octahedral intermediate 
limits the coordinating substrate molecule to only a single type of site. All sites opposite 
the C3 symmetric ~ ligand are equivalent i.e. SI, S2 and S3 of (2) in Figure 4. 
5, 
5 , 
( 1 ) ( 2 ) 
Figure 4 Substrate coordination sites in an octahedral intermediate 
Thus transformation of the two available diastereotopic coordination sites in an 
octahedral geometry to a set of equivalent (homotopic) sites would result in a one to 
one correspondence of possible transition states between octahedral and square planar 
geometries . Such a transformation can be achieved by using a chiral non-planar 
tridentate C3 symmetric ligand restricted in its binding modes to transition metal ions. 
These aspects should certainly make further investigations of C3 symmetric ligands as 
chiral auxiliaries very worthwhile. 
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Burk et al.122,123 in a series of papers have described the synthesis of optically 
active trans-2,5-(disubstituted)phenylphospholanes, 30, from which they have 
synthesised a series of C2 symmetric bis(phospholanes), 31a, 31b, and chiral C3 
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Rhodium(I) complexes [(COD)Rh(Ligand)n]+SbF6-, where n = 1 or 2 of a 
selection of these phospholane ligands, were prepared, and the asymmetric 
hydrogenation of methyl acetamidocinnamate using these complexes as catalysts, was 
attempted. Complexes containing the ligands, 31a, (with R = Me, and n = 2), and 
31c, (with X = CH), gave rapid conversion to the phenylalanine derivative with 85% 
and 89% enantioselectivities, respectively. A lower selectivity, 60%, was observed 
with 31a, (R = Me and n = 3), which was attributed to the greater flexibility of the 
propano backbone of the bis(phospholane). Carbonyl reductions were also attempted 
but gave low enantioselectivities, less than 27%, for reduction of acetophenone or 
methyl acetoacetate. The monodentate phospholane, 30, and the bis(phospholanes), 
31a and 31b, were found to be ineffective as chiral auxiliaries in the catalytic 
reduction of carbonyl groups. 
X-ray crystal structure determinations on rhodium(I) complexes of some of 
these ligands have been carried out,122,123,124 confmning the nature of the ligand 
coordination. 
Field et al. (1994)125 have reported modified synthetic procedures for the novel 
bis(phospholanes), 31a, and the synthesis and characterisation of their Fe (III) and 
Ru(IV) dichloro complexes. 
The synthesis and characterisation of the optically pure, C3 symmetric 









More recently Baker et al. (1993)127 reported the synthesis of a unique 
optically active quadridentate ligand, 33, with C3 symmetry and possessing four 
phosphorus donor atoms. 
where R = 
33 
The ligand, 33, is reported to react with [Pt(norbornenehJ to give the 
mononuclear complex, 34. No previous examples of a tetradentate ligand forming such 
a complex with Pt(O) are known. The tetradentate phosphine ligand P(CH2CH2PPh2b 
forms ligand bridged binuclear Pt(O) compounds. 128 
~p~ 
o I \ pI"···· · Pt 0 /'-/ 
o-p· P 
34 
The complex, 34, is easily protonated in aqueous solution to give a 
monocationic species, in which the ligand is behaving as a tripodal tetradentate, with a 
trigonal bipyramidal geometry. 
1.3.1 Poly dentate tripodal ligands in selective homogenous 
catalysis 
Interest in transition metal complexes of polydentate ligands, particularly 
those ligands containing phosphorus and nitrogen donors, has been increasing over 
the past decade and some significant progress has been made in the application of 
such ligands to homogeneous asymmetric catalysis. The recent review article by 
Bianchini et al. 129 discusses a variety of reactions selectively catalysed by Rh(I), 
Ru(II) and Ir(I) complexes of tripodal ligands of type 35 to 39. 
35 (R = PPh2, E = N) 




R' PR:! PR:! 
37 (E = N, R' = Me, R = Ph) 
38 (E = N, R' = NEt2, R = Ph) 
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Much of the work being done on these catalytic reactions using complexes 
of the ligands, 35-39, is still in the early stages of investigation but the results are 
promising and much is being learned about the mechanisms of the catalytic 
processes. 
The hybrid polydentate ligands, with phosphorus and nitrogen donor atoms, 
are reported to provide free coordination sites at the metal centre during a catalytic 
~/"rz.CLQ 
cycle by.altema-llire decoordination of one of the donor atoms, thus permitting 
electronic rearrangements during the reaction.129.135 
Amongst the reactions assisted by tripodal ligand metal complexes are: 
(1) selective hydrogenation of l-alkynes to alkenes; 130 
(2) hydroformylation of alkenes to branched or linear aldehydes; 131 
(3) co-cyclization of ethyne and nitriles to give 2-substituted pyridines; 132a,b 
(4) isomerization reactions of olefins;133 
(5). acetalisation of aldehydes and ketones; 134 
(6) selective reduction of <l,p-unsaturated ketones to allylic alcohols; 135 
and 
(7) selective dimerization of l-alkynes to Z-l,4-disubstituted enynes.136a,b 
22 
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1.4 Multidentate Ligands Containing Group 15 Donor Atoms 
1.4.1 Ligand synthesis and design 
Coordination chemistry essentially began with the theory and work of Werner 
in 1893 and for which he was later (1913) awarded the Nobel Prize. More intensive 
study of the subject began when chelating agents, for example, ethylene-
diaminetetraacetic acid, (EDTA), became widely used in the areas of qualitative and 
quantitative analytical chemistry, and the catalytic properties of metal complexes, for 
example, metal carbonyls, in many chemical processes were recognised. By the 1950's 
a formidable literature on the chemistry of metal chelates was already in place. 137 .138 
The catalytic effects of metal chelate compounds were reviewed by Martell (1968).139 
Stereospecific effects, chelate ring strain, thermodynamic and kinetic stability 
were aspects of coordination compounds that were becoming areas of intense interest. 
The importance of the nature of the ligand donor atoms and the substituent groups 
thereon was being fully realised. Polydentate ligands, it was found, could be used to 
modify the coordination stereochemistry of transition metal complexes. Ligand design 
and synthesis had now become an important field of research. 140.141-143 
Progress in asymmetric catalysis and the desire for new and more widely 
applicable ligands as chiral auxiliaries demanded a deeper understanding of 
coordination chemistry. It was soon realised that the success of metal complexes in 
enantioselective catalysis was largely dependent on the structure and electronic 
properties of the complexes formed with the chiral auxiliaries . Systematic 
investigations into the effects of steric hindrance and the effects of differing donors and 
ligand structure on the stereochemistry, coordination number, geometry, electronic and 
magnetic properties of the resulting complexes were undertaken by the groups led by 
Venanzi,144 Meek,145 Sacconi.146-149 The spectacular results obtained from their 
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researches have led to a fuller, if not yet complete, understanding of the chemistry of 
metal ligand complexes. Steric effects of phosphorus ligands are discussed in a review 
by Tolman (1977),150 and in a recent article White and Colville (1994) discuss 
quantification of steric effects.15I 
Fortuitous advances in the fields of 31p and 13C NMR spectroscopy, and the 
development of Fourier Transform NMR, which took place essentially during the same 
period, greatly aided structural and stereochemical investigations with ligands 
containing phosphorus donor atoms. Detailed information on structure and bonding 
from metal-phosphorus and phosphorus-phosphorus coupling constants became 
available. 145,152 A review of 31 P NMR spectroscopy has been compiled by Crumbliss 
and Topping (1987) .153 Furthermore, advances in instrumentation, computer 
technology and software, applied to X-Ray crystallography, made crystal structure 
determinations routinely easy. 
Interest in the synthesis and coordination chemistry of asymmetric multidentate 
ligands containing heavy group 15 elements, in particular As, P, and hybrid ligands 
containing As, P, N and S donor sets, intensified, once it became apparent that metal 
ligand complexes with predictable stereochemical and electronic properties could be 
prepared. Prior to the early 1960's, chelates with arsenic and phosphorus donor atoms 
had received little, if any, attention; investigations being mainly restricted to 
polyamines and aminocarboxylic acids. 154 This was probably due to the difficulty of 
preparative methods and the paucity of synthetic procedures available and also, no 
doubt, to the fact that the precursors to such ligands were toxic, malodorous and quite 
often pyrophoric. However, following the pioneering work on trivalent phosphorus by 
Mann and Miller,I55,I56 and on tertiary arsenic compounds by Nyholm and co-
workers,I57 the chemistry associated with the preparation of multidentate ligands 
containing As and P, and / or N and S, donor atoms was subsequently developed by 
the research groups led by King, Meek, Venanzi and Sacconi. The preparative and 
coordination chemistry of polydentate ligands has been the subject of a number of 
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review articles: Venanzi (1964),144 Booth,158 McAuliffe(1973,1975,1987)159.160.161 
McAuliffe and Levason (1979),162 and Cotton and Bo Hong (1992).163 
General, useful synthetic routes to many of the poly(tertiary phosphines and 
arsines) were mainly the result of work carried out by King et al.I64 .l65 and Meek et 
al.166 during the early 1970's. Antberg et al. 167 have discussed the free-radical 
catalysed synthesis of completely alkylated oligo(tertiary phosphines) in a series of 
papers during the early 1980's. Uriarte et al.168 have described synthetic routes to a 
range of polydentate phosphines including mixed secondary and tertiary phospbines via 
the addition of a P-H moiety across the C=C group of vinylic compounds. More 
recently, Bookham et al. (1986)169 reported a convenient, high yielding route to a 
range of polydentate phosphines via addition of species with one or more P-H moieties 
across the double bond adjacent to the geminal diphenylphosphino groups of 
(Ph2PhC=CH2. and Green and Meek (1989)170 have described an efficient synthesis 
of high purity, 3-chloropropylphosphines leading to the synthesis of new 
polyphosphine ligands. Synthetic routes to pyridylphosphines, the properties of their 
metal complexes and details of their 31 P NMR spectra has been reviewed by 
Newkome (1993).171 
1.4.2 Early multi dentate phosphines and arsines 
The first reported synthesis of a ligand containing more than two arsenic donor 
atoms was by Barclay and Nyholm (1953)172 who prepared the tri(tertiary arsine), 
methyl[bis(3-dirnethylarsinopropyl)]arsine, 40, which was followed by Hart's 
(1960)173 synthesis of a tri(tertiary phosphine), bis(2-diethylphosphinophenyl)phenyl 
phosphine, 41, and by Howell, Pratt and Venanzi(1961)174 with the synthesis of the 
fIrst quadridentate ligands containing arsenic and / or phosphorus donor atoms, tris(2-
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The first reported crystal structure determination of a tetra(tertiary arsine)-metal 
complex was perfonned by Mais and Powell (1965),175 on the complex [RuBr2(43)], 
and showed the Ru(II) atom to be in a slightly distorted octahedral environment 
Also in 1961 Barclay and Barnard176 prepared the tetra(tertiary arsine), tris(3-
dimethylarsinopropyl)arsine, 44, and in 1963, Hartley, Venanzi and Goodall,l77 
reported the synthesis of a tetra(tertiary phosphine), tris(2-diphenylphosphinophenyl)-
phosphine, QP, 45. Palladium(II) and platinum(ll) complexes of 45 were reported as 
being five coordinate with trigonal bipyramidal coordination whilst the ruthenium(ll) 
and osmium(II) complexes were six coordinate.I77 
1.4.3 Tripodal type ligands 
The quadridentate ligands 42,43, 44 and 45, mentioned above, fall into a 
general class known as tripodal ligands, 46, which consist of basal groups EB linked 
to the apical donor EA by methylene chains or by o-phenylene groups. 
/1'" (CH2)n (CH2)n 
I I 
ER2 
46 47 3 48 
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Some other examples of related mixed donor tripodal ligands of types 47 and 
48, containing As, P or N, and / or, S or 0 atoms, which have been prepared, are 
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These ligands are potentially quadridentate and usually occupy four 
coordination positions around a transition metal ion. They generally form trigonal 
bipyrarnidal complexes with d7 and d8 metal ions but square pyramidal structures have 
also been reported. 188.189 Studies have attributed the trigonal bipyramidal structures to 
such factors as steric requirements of the ligand and the rigid nature of the o-phenylene 
linkages in ligands like 47. However, ligands with flexible trimethylene linkages, as in 
48, also form complexes with mainly trigonal bipyrarnidal structures. The inference 
being that, in the absence of strong constraints, the energy difference between the two 
geometries, trigonal bipyramidal and square pyramidal, is small. 
28 
Ligands with phenyl substituents on the basal donor atoms form, almost without 
exception, mononuclear complexes. Replacing the basal phenyl groups with less bulky 
alkyl substituents increases the tendency to form di- and tri-nuclear species.190,191 
Examples of other tripodal type ligands that differ slightly from those already 
described were reported by Chiswell l92 (1967), who synthesised the ligand, tris(a-
picolyl)phosphine, 49, and Dawson and Venanzi (1971)193 who described the 
preparation of a series of tripodal ligands, 50 (Table 3). 
2 50 
49 
Table 3 Tripodal ligands of type 50 
Elf R2'E' ER2 
As AsPh2 PPh2 
As PPh2 AsPh2 
P AsPh2 PPh2 
P PPh2 AsPh2 
More recently Bampos et al. (1993)194 have described the synthesis of a series 
of symmetrical and unsymmetrical tripodal ligands, 51, with four phosphorus donor 
atoms and with varying methylene linkages to the apical phosphorus atom, Table 4. 
Ligand, 51, (where n = m = 3 and ER2 = PMe2) forms octahedral Fe(I!) and Ru(II) 
complexes in which the phosphorus atoms are confmed to cis coordination sites. 
1.4.4 
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Facultative (linear) quadridentate ligands 
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Tripodal quadridentate ligands have contributed significantly to the 
development of the coordination chemistry of the transition metals. However, the 
complexes formed by these ligands are severely restricted by steric requirements. 
Linear, open chain quadridentates on the other hand are generally less restricted and 
form complexes having a range of stereochemistries. Quadridentate ligands 52 and 53 





Table 5 Mixed donor quadridentate ligands of type 52 and 53 
Type E' ER2 n m References 
52 AsPh SMe 4 195,196,197 
52 S PPh2 3 198 
52 S AsPh2 2 198 
52 PPh PhNH2 3 199a 
52 NH PPh2 3 199b 
52 O;S AsPh2 2 198 
53 S PPh2 3 3 201 
53 PhP NH2 3 3 202 
53 NMe PPh2; AsPh2 2 2 203,204 
53 NH PPh2; PMe2; PMePh 2 2 205,206 
The coordination and stereochemistry of polydentate ligands has been 
intensively studied by the groups led by Sacconi,207,208,209 Meek,210 and 
Venanzi.211 ,212 In particular the coordination chemistry of the tripodal ligand, 186 
tris(2-diphenylphosphinoethyl)amine, np3, [N(CH2CH2PPh2hl, which was originally 
designed by Sacconi(1968)180 to obtain stable trigonal bipyramidal complexes in his 
initial studies of five coordination compounds, has been extensively investigated. Some 
sixty transition metal complexes containing np3 have been studied in the ensuing years 
by Sacconi's group. A review on the structural and bonding flexibility of this ligand 
has recently been published by Mealli et al. (1992).213 The relationship between 
electronic and geometric factors governing the chemistry of np3-metal complexes is 
analysed. A recent development has been the use of d8 metal complexes containing np3 
in the control of basic organometallic processes such as oxidative addition and reductive 
elirnination.213 It is worthy of note that the ligand np3 has C3 symmetry (cf. Section 
1.3). Reviews by Wood (l967,1972)214a,b and Ginsberg(1965)215 cover early work 
on the structural aspects of transition metal coordination chemistry. 
1.4.5 Quadridentate ligands containing stereogenic group 
15 donor atoms 
31 
Of the many quadridentate ligands which have been synthesised during the past 
30 years or so, relatively few have contained stereogenic group 15 donor atoms. 
Recently Atoh et al.205.206.216 have prepared a series of PNNP type ligands, 54-58, 
which contain pairs of C, or C and P, stereogenic centres. Cobalt(III) complexes of 
these ligands were also prepared and characterised. 
All of the ligands form complexes of the type trans [COX2L]+ (where L = 54-
58) exclusively. Replacement of the unidentate 'X' ligands with a bidentate ligand, 
such as C032- or acac, gave rise to cis-~ isomers exclusively indicating greater stability 
of the complex in the cis ~ form as compared to the cis u. Saburi et al.217 have 
similarly reported that the related complex, [Co(C03){(SS)-3,8-dimetrien}]+, (where 
dimetrien = 3,8-dimethyl-l,4,7,1O-tetraazadecane) is also more stable in the cis-~ 
form. 
54 (R = Me) 
55 (R = Ph) 
56 (R = Me) 
57 (R = Ph) 
58 
Cooper et al. have synthesised the P2N2ligand (Rp*,Rp*)- and (Rp*,Sp*)-
1,3-bis[(2-aminophenyl)phenylphosphino]propane, 59, containing two stereogenic 
phosphorus centres from the reaction of (2-aminophenyl)diphenylphosphine with 
lithium in tetrahydrofuran, followed by the addition of 1,3-dichloropropane,199a and 
the ligand N,N-bis[2-(diphenylphosphino)phenyl]propane-l,3-diamine, 60, via a 
32 
metal-template synthesis. l99b 
60 
They reported that the racemic and meso diastereomers of 59 were formed in a 
6 : 4 ratio in the reaction. The (Rp* ,Rp*) and (Rp* ,Sp*) forms of the quadridentate 
ligand, 59, were readily separated via their d8 platinum(II) complexes. The (Rp* ,Rp*) 
diastereomer of 59 behaved as a tridentate ligand forming the monocationic complex 
ion [ptCl { (Rp* ,Rp*)-59)]+ in which one NH2 group was not coordinated to the metal 
centre. On the other hand, (Rp* ,Sp*)-59 formed a square planar dicationic complex 
ion [Pt{(Rp*,Sp*)-59}]2+ in which all four donor atoms were bound to the metal 
centre. 
The (Rp* ,Rp*) diastereomer of 59 also formed an unusual ligand bridged 
dimer with rhodium(II), viz. the dimer [Rh2 {(Rp* ,Rp*)-59) 2(COh] .187 Each of the 
ligands was bonded to a rhodium atom through a five membered PN ring with the 
second P donor of each ligand being attached to the second rhodium centre leaving the 
second N donor uncoordinated. 
With rhodium(I) the ligand 60 is reported to form both a monocation , 
[Rh(60)]+, and a neutral square planar complex, [Rh(CO)Cl(60)], 61. In the latter 
complex the ligand behaves as a P2 trans-spanning bidentate ligand. The geometry of 
the complex, 61, approximates square planar. 
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The quadridentate P2N 2 ligand, (Rp* ,Rp*)- and (Rp* ,Sp*)-l ,3-bis {[2-
(methylphenylphosphino)phenyl]amino } propane, 62, has recently been synthesised by 
Salem et al.(1995)218 by reaction of (±)-(2-aminophenyl)methylphenylphosphine with 
n-butyllithium and N,N, N' ,N' -tetramethylethylenediamine in tetrahydrofuran 
followed by the addition of 1,3-bis(4-tolylsulfonyloxy)propane. The (Rp* ,Rp*) and 
(Rp* ,Sp*) forms of the ligand have been separated by complexation to nickel(ll). The 
structure of the nickel(ll) complex containing the (Rp* ,Rp*) form of the ligand has 
been determined by X-ray crystallography. 
62 
Of particular interest to this work are the linear quadridentate arsine ligands, 
each containing two stereogenic arsenic centres, (RAs* ,RAs*)-l ,2-bis[(3-dimethyl-
arsinophenyl)methylarsino]benzene,219 Qars, 63, and (RAs*,RAs*)-1,2-bis[(3-
dimethylarsinopropyl)phenylarsino]benzene,220 Fars, 64, and (RAs* ,RAs*)-l ,2-
bis[(3-dimethylarsinopropyl)phenylarsino]ethane, Tetars, 65.220 
63 
65 
M~".) ( /Me (As" ,/As) ASM~2 ~e~s 
64 
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The ligand, Qars, 63, was flrst prepared by Nyholm sometime prior to 1967 
under the acronym 'TPAS' but the synthesis of the ligand was not reported in the 
literature. The ligand and some of its properties were, however, discussed by Nyholm 
et al. (1969).219 In particular, a single crystal X-ray structural analysis which had been 
carried out by Blundell and Powell (1967)221 was reported. The structural analysis 
showed the complex [PdCI(63)]CIP4 to be a five coordinate Pd(II) complex with a 
regular square pyramidal geometry. 
The synthesis of Qars, 63, was subsequently reported by Bosnich et al. 
(1975),220 along with the preparative route to Fars, 64, Scheme 3. 
Scheme 3 





Bosnich, Jackson and Wild (1973)222.223 reported the synthesis of Tetars, 65, 
via the reaction of ethylene-1 ,2-bis(chlorophenylarsine) and the ethereal Grignard 
reagent (3-dimethylarsinopropyl)magnesium chloride. 
Cobalt(III) complexes of the ligands 63,64, and 65, were prepared and their 
stereochemistry investigated. For all three ligands, both racemic and meso 
diastereomers were formed and separated by means of their Co(III) complexes. All five 
possible isomers of the complex ion [CoC12(65)]+ were isolated. For the ligand Tetars , 
65, the inner phenyl substituted arsenic atoms apparently playa major determining role 
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in the tDPDIDgy .of the octahedral metal complexes. Whereas the racemic ligand can fDnn 
the symmetrical cis a, the unsymmetrical cis ~ and the trans iSDmers the meso ligand 
can fDrm .only the cis /3 and trans cDmplexes. A cis a iSDmer cannDt fDrm since bDth 
terminal chelate arms are cDnstrained tD mDve tD the same apical octahedral pDsitiDn. 
On the .other hand the racemic ligand cDnstrains these same chelate arms tD mDve in 
DppDsite directiDns. All five iSDmeric cDbalt(ill) cDmplexes .of Tetars are shDwn in 
Figure 5. In the case .of Tetars,65, the racemic diastereDmer was alSD resDlved intD its 
.optical antipodes. The cDbalt(ill) cDmplexes .of the racemic ligand, (RAs*,RAs*)-65, 
were resDlved by separatiDn .of their D-( -)-dibenzoyl hydrDgen tartrate salts. ReactiDn 
.of the CD (III) cDmplexes with (-)-dibenzDyl hydrDgen tartrate gave the cDrrespDnding 
pair .of diastereDmeric cis a cDmplexes which were separated and cDnverted tD the 
perchlDrate salts frDm which the respective enantiDmers .of (RAs*,RAs*)-65 were 
.obtained. The (RAs* ,SAs*) fDrm .of 65 preferentially assumed a trans tDPDlDgy .on 
coordinatiDn to CD(IIl) but the (RAs*, RAs*) diastereomer appeared to have nD marked 
preference. This classic wDrk by BDsnich, JackSDn and Wild222.223 was the first 
repDrted resDlutiDn .of a racemic tetradentate ligand cDntaining tWD stereogenic arsenic 
centres. 
The cDbalt(ill) cDmplexes .of the ligands, Qars, 63, and Fars, 64, exhibit quite 
different behaviDur patterns. FDr example, (RAs* ,RAs*)-63 fDrms .only the cis-a-
diastereDmer prDbably due tD the presence .of the three rigid o-phenylene grDupS in the 
backbDne, whereas the racemic diastereomers .of the less rigid Fars, 64, and Tetars, 
65, gave all three pDssible tDPDlDgical iSDmers. Later BDsnich et al.220 repDrted the 
separatiDn .of the racemic and meSD iSDmers .of the ligands 63 and 64 again via their 
cDbalt(III) cDmplexes. 
A number .of .other cDmplexes .of the ligands 63, 64, and 65 were alSD 
examined, including hydridD and diDxygen cDmplexes .of cDbalt(ill), and cDmplexes 
cDntaining CD-CD bDnds. Divalent nickel, palladium and platinum cDmplexes .of the 
ligand, Tetars, were alsD investigated by BDsnich et aI.224,225;226;227 
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Figure 5 Isomeric cobalt(llI) complexes of the quadridentate ligand Tetars 
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An example of a tetra(tertiary phosphine) containing two stereogenic 
phosphorus centres is the ligand 1,2-bis[(diphenylphosphinoethyl)phenylphos-
phino]ethane, Tetraphos, 66. This was fIrst prepared by King et al.228;2.29 by addition 
of 1,2-bis(phenylphosphino)ethane across the double bond of diphenylvinylphospbine 
in the presence of potassium t-butoxide as a catalyst. 
66 
Airey and Wild230 have recently isolated and resolved the pure racemic 
diastereomer. Commercially available Tetraphos consists of an unequal mixture of 
meso and racemic diastereomers in a ratio ca 4: 1, respectively. Heating the unequili-
brated mixture at 200 °C, in an inert atmosphere, gives a 1 : 1 mixture of the racemic 
and meso forms, (Rp* ,Rp*)-66 and (Rp* ,Sp*)-66. [Einv is ca 130 kJ mol-1 for 
phosphines of the type (±)-PR 1 R 2R 3] .231 These were separated by fractional 
crystallisation from methanol/benzene, which gave, almost exclusively, the racemic 
form, Scheme 4. This was subsequently purifIed by crystallisation from dichloro-
methane / ethanol. Resolution of (Rp* ,Rp*)-66 was achieved by the separation by 
fractional crystallisation of a pair of internally diastereomeric binuclear bridged 
dipalladium(II) hexafluorophosphate complexes, (Rp,Rp,R,R)-68 and (Sp,Sp,R,R)-
68, containing the racemic ligand and di-~-chloro-bis{(R)-2[1-(dimethylamino)­
ethyl]phenyl-Cl,N)dipalladium(II), (R)-67, Scheme 5. Treatment of the separated 
diastereomers with hydrochloric acid in refluxing acetone yielded the tetrachloro-
dipalladium(II) complexes, (Rp,Rp)- and (Sp,Sp)-69 from which the pure enantiomers 
(Sp,Sp)- and (Rp,Rp)-66 were liberated, in a stereospecifIc manner, by cyanolysis, 
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Subsequently, Airey and Wild (1995),232 reponed that optically pure (Sp,Sp)-
tetraphos spontaneously self-assembles into a homochiral double helix and side-by-
side helix conformers of a double-stranded tetra(tertiary phosphine)disilver(I) complex, 
70a and 70b. The crystal and molecular structure of the tetraphos-disilver complex, A-
[Ag2 {[R-(Rp* ,Rp*)]-Tetraphos 12](PF6h, have been determined by X-ray 
crystallography. The structural analysis revealed both double-helix and side-by-side 
conformers of the disilver cations in the unit cell. 
70a 
70b (From Airey and Wild)232 
A Cu(I) complex of (Rp*,Rp*)-66, viz. [Cu{(Rp*,Rp*)-
66}]CF3S03, was also prepared and a single crystal X-ray structural analysis revealed 
a mononuclear four coordinate complex with the four phosphorus donors of the ligand 
joined to the metal centre in a distorted tetrahedral geometry. This is the first 
documented tetrahedral complex of tetraphos.233 
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1.5 Aim of The Present Work 
Appropriately designed chiral quadridentate ligands and their transition metal 
complexes have major, and as yet, unexploited potential as chiral auxiliaries in 
asymmetric synthesis, in which the general strategy is the use of a chiral auxiliary to 
promote the stereoselective conversion of a prochiral substrate to an optically active 
product. Much of the successful research to date has involved the use of transition 
metal complexes containing optically active bidentate ligands and a bidentate prochiral 
substrate which is held in a fixed configuration during the asymmetric induction (see 
Section 1.2). 
Better stereochemical control in such inductions might be achieved using 
transition metal complexes of chiral tridentate or quadridentate ligands. In the case of 
tridentate ligands a five coordinate geometry would ensue after coordination of a 
bidentate substrate. In the case of a quadridentate ligand the ensuing geometry would 
be octahedral. Thus the main objective of the current research was: 
(A) to design and synthesise a chiral quadridentate ligand containing 
stereo genic arsenic and phosphorus donor atoms the optically active forms of which 
could be used as chiral auxiliaries in asymmetric synthesis; and 
(B) to generate and characterise a transition metal based auxiliary [Co(ill)] 
containing the optically active ligand. 
To control the stereoselectivity of asymmetric reactions involving, in particular, 
bidentate substrates which are in the main unsymmetrical ligands, it is important that: 
(1) the two donor atoms, A and B, of the chiral auxiliary, 71 , lying in the 
plane of the substrate are different so as to provide the necessary electronic control; 
(2) the terminal donors , Land S, of the quadridentate ligand are different, and 
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(3) the ligand coordinate preferentially in either the cis ex or cis ~ configuration. 
A ligand of type 72 would satisfy the criteria (1) to (3) above. 
(s 
(
A '" .. "~) '1. ".' 
-.. .. ' 
B Sl 
"-L 7 1 
7 2 Where X = PPh2. 
PMePh or AsMe2 
Choice of differing terminal donors may enhance differentiation between the 
two diastereotopic faces of the substrate particularly on sterlc grounds. 
The choice of the three 1, 2-phenylene linkages is based on the work of 
Bosnich et a1.220.'l22 in which it was reported that the racemic form of the tetra(tertiary 
arsine), Qars, (RAs* ,RAs*)-63, coordinated to Co(III) exclusively in the cis ex 
configuration (see Section 1.4.5). 
The basic strategy underlying the synthesis of the quadridentate ligand, 72, 
involved the coupling of two suitably designed bidentate ligands as shown in Scheme 7. 
This approach was taken as the resolution of chiral bidentate ligands using the 
method of metal complexation is particularly well established,234 (see also Section 
2.1.2) and thus provided a potential route to the optically active precursors. 
Chemoselective cleavage of a phenyl group from (2-aminophenyl)diphenyl 
phosphine2OO to give (±)-(2-aminophenyl)methylphenylphosphine upon methylation, 
and of a methyl group from 1, 2-phenylenebis(dimethylarsine),236 have been reported 
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previously. The bidentate ligand 1-(dimethylarsino)-2-(diphenylphosphino)benzene 
was excluded as a target molecule since preferential cleavage of a methyl group was 
deemed unlikely on the basis that the diphenylphosphino moiety was cleaved 
exclusively in similar studies involving (±)-1-(diphenylphosphino)-2-(methyl-
phenylphosphino )benzene. 237 
Scheme 7 
+ ---t.~ 72 
x = PPh2. PMePh or AsMe2 
(±)-73 
The proposed synthetic routes to the bidentate precursor ligands are shown in 
Scheme 8. 
Scheme 8 
CCN~ I PPh,---t~ 
OCI 
ON~ ~. 
• I P""N, • M(5 ~ b N~ 
~ O:SMe, ~ O~S"'N' 
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Thus the aims of the research were to synthesise and resolve the bidentate 
ligands, (±)-(2-aminophenyl)(2-chlorophenyl)methylphosphine, (±)-73 and (±)-1 -
(dimethylarsino)-2-(methylphenylphosphino)benzene, (±)-74, and to synthesise a 
quadridentate ligand, 72, either by selective cleavage of a methyl group from 1,2-
bis(dimethylarsino)benzene, or from the dimethylarsino group of (±)-(74), and 
subsequent coupling of the intermediate sodium arsenide with (±)-73. The preferred 




Results and Discussion (I) 
Preparation and Resolution of the Precursor Bidentate 
Ligands 
45 
2.1. Synthesis and Resolution of (±)-1-(Dimethylarsino)-2-
(methylphenylphosphino)benzene, {±)-74 
2.1.1 Synthesis of {±)-74 
The asymmetric bidentate ligand (±)-1-(dimethylarsino)-2-(methylphenyl-
phosphino)benzene, (±)-74, was prepared by the addition of a solution of sodium 
dimethyl arsenide in tetrahydrofuran to a solution of (±)-1-chloro-2-(methylphenyl-
phosphino)benzene, (±)-75, in the same solvent at -78 oC, (Scheme 9). 
Scheme 9 
o 
.. (1) Me2AsO'Na+ 2Na KI, Hel 
THF 
(i) 2Na/NH3; (ii}MeBr Na 
(2) PPh3 --------------~._PHMePh .. 
(iii) 2Na/N H3; (iv) H20 
(XI CI (3) 
, CI 








" ccP~. I . # CI 
(±}-75 
(±}-74 
(only one enantiomer of (±)-74 and (±)-75 is shown) 
Na[PMePh] 
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Four major components were identified in the crude reaction mixture, namely: 
(±)-1-(dimethylarsino)-2-(methylphenylphosphino)benzene, (±)-74; (±)-1-chloro-2-
(methylphenylphosphino)benzene, (±)-75; diphenylmethylphosphine; and tetramethyl-
diarsine, The components were identified using NMR and Mass Spectroscopy. 
The relative concentrations of each of these components was dependent on the 
conditions employed, specifically the reaction temperature and the stoichiometry of the 
reactants. Optimum conditions for the formation of (±)-74 were determined to be the 
addition of equimolar quantities of reactants in tetrahydrofuran at -78 oe, followed by 
maintenance of the reaction temperature at - 20 ± 5 oe for a period of 48 hours and then 
heating the solution under reflux for 30 minutes prior to work up. 
When the reaction was performed at +50 oe, diphenylmethylphosphine and 
tetramethyldiarsine were the sole products. This behaviour is consistent with reduction 
of the chloro group of (±)-74 by sodium dimethylarsenide (Equation 1). Reactions 
between sodium dimethylarsenide and substituted aryl halides are well known for 
giving prOducts in low yields.236,238 
(±)-75 + Na[AsMe2] + H" 
1 PMePh2 + 2 [AsMe 2]2 
+ Na+ + CI' 
( 1 ) 
The four products from the reaction were partially separated by fractional 
distillation. The lower boiling fractions consisting of tetramethyldiarsine and 
diphenylmethylphosphine were readily removed but (±)-74 and (±)-75 distilled as an 
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approximately equimolar mixture with a boiling range of 124 - 136 °C at 0.05 mm Hg. 
These were separated by reaction with hexaaquanickel(II) perchlorate in acetone to 
give a diastereomeric mixture of complexes of the type [Ni{(±)-74h](CI04h. The 
orange crystalline [Ni{ (±)-74 hHCI04h complexes were treated with aqueous 
potassium cyanide which liberated the asymmetric bidentate ligand, (±)-74, 
quantitatively. Distillation of the free ligand gave pure (±)-74 as a colourless, viscous 
liquid in 48% yield. The IH NMR spectrum of (±)-74 in dl-chloroform exhibited two 
singlets at 0 1.05 and 1.22 for the pair of diastereotopic AsMe groups and a doublet 
PMe resonance at 01.60 (Figure 6). Unreacted (±)-75 was recovered from the mother 
liquor from the isolation of the nickel(m complexes in 33% yield after distillation. 
2.1.2 Resolution of (±)-1-(dimethylarsino)-2-(methylphenyl-
phosphino)benzene, (±)-74 
Arguably the most successful procedure for the resolution of chiral tertiary 
phosphines has been the method of metal complexation; an approach which was 
initially employed by Tani et al.239 for the partial resolution of ligands of this type. The 
method is based on the separation by fractional crystallisation of a pair of internally 
diastereomeric palladium(II) complexes containing the racemic ligand and an optically 
active orthometallated amine. The full potential of this method was first realised by 
Wild et al. lll in their successful resolution of the di(tertiary phosphine) (Rp*,Rp*)-
1,2-phenylenebis(methylphenylphosphine) and has since been applied successfully to 
a range of bidentate ligands containing stereo genic arsenic and phosphorus donor 
atoms.218,234,237,240-243 Airey and Wild's successful resolution of the linear 
tetra(tertiary phosphine), Tetraphos 66, is a prime example of the power of this 
method of resolution (see Section 1.4.5).230 
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Figure 6 1 H NMR spectrum of (±)-1-(dimethylarsino)-2-(methylphenylphosphino)benzene, 




Resolution of (±)-74 was achieved via the separation by fractional 
crystallisation of a pair of internally diastereomeric palladium(lI) complexes containing 
the racemic ligand and the orthometallated (R)- or (S)-dimethyl(l-phenylethyl)amine. A 
pair of diastereomeric chloride salts (R,S)- and (S,S)-76 were produced in a bridge 
splitting reaction involving (±)-74 and di-ll-chloro-bis(S)-2-[I-(dimethyl-
amino)ethyl]phenyl-CI,N}dipalladium(II), (S)-67, in methanol. The addition of one 
equivalent of aqueous ammonium hexafluorophosphate gave a mixture of 
diastereomeric salts highly enriched in (S,S)-76. Fractional crystallisation of the 
diastereomeric mixture from dichloromethane / 2-propanol gave fine colourless needles 
of pure (S,S)-76, a. +1820 (589 nm, acetone). The addition of an excess of aqueous 
ammonium hexafluorophosphate to the mother liquor gave a mixture of diastereomeric 
salts enriched in (R,S)-76 (Scheme 10). Attempts to obtain pure (R,S)-76 from this 
enriched mixture of diastereomers by fractional crystallisation from a range of solvent 
systems proved unsuccessful. 
Consequently, partially resolved (±)-74 was liberated from the (R,S)-76 
enriched mixture of diastereomeric hexafluorophosphate salts by reaction with 
concentrated hydrochloric acid in acetone followed by treatment of the isolated 
dichloropalladium(II) complex with aqueous potassium cyanide (Scheme 11). 
Scheme 10 
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Resolution of the liberated ligand was achieved in a bridge splitting reaction 
involving the partially resolved (±)-74 and di-(Il-chloro)-bis{(R)-2-[1-(dimethyl-
amino)ethyl]phenyl-C1,N}dipalladium(II), (R)-67, in methanol. The addition of an 
excess of aqueous ammonium hexafluorophosphate gave a mixture of diastereomeric 
salts highly enriched in (R,R)-76 , Scheme 12. The diastereomeric mixture was twice 
recrystallised from dichloromethane / 2-propanol to give pure (R,R)-76, a -1820 (589 
nm, acetone). 
Scheme 12 
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Liberation of the optically active enantiomers of (±)-74 from (R,R)- and (S,S)-
76, was achieved by treatment of the respective diastereomerically pure 
hexafluorophosphate salts with concentrated hydrochloric acid to give the 
corresponding dichloropalladium(II) complexes (R)- and (S)-77, a. ± 31 0 (589 nm, 
dichloromethane). Reaction of (R)- or (S)-77 with aqueous potassium cyanide gave the 
optically pure ligands (S)- and (R)-74, respectively, a. ± 320 (589 nm, dichloro-
methane), Scheme 13. 
Scheme 13 
(R,R)-76 
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Diastereomerically pure (R,S)-76, a. -380 (589 nm, acetone), was subsequently 
prepared from the enantiomerically pure (S)-74 and the chloro bridged dimer (S)-67 
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(R,S)-76 
2.1.3 Crystal structure determination of the complex (S,S)-76 
P/ 4. t:r,.-, ,:.u. p{ 
The absolute configuration of (~)-74 was a~ on the basis of a single 
crystal X-ray structure determination carried out on the internally diastereomeric 
complex (S ,S)-7/'. Crystal data for the complex, C25H32AsNP2PdF6: monoclinic , 
space group P2I, a = 10.340(2), b = 11.741(3), c = 11.856(2) A, P = 97.67(1)0 and 
V = 1426.5 A3. The stereochemistry of the cation is depicted in the ORTEP diagram in 
Figure 7. Selected bond lengths and bond angles are given in Table 6. 
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Table 6 Selected bond lengths and angles for the cation of (S,S)-76 
Bond Lengths (angstroms) Bond Angles(degrees) 
Pd-As 2.436(1) As-Pd-P(l) 85.90(7) 
Pd-N(1) 2.147(8) As-Pd-C(1) 176.7(3) 
Pd-P(1) 2.237(2) P(1)-Pd-C(1) 92.8(2) 
Pd-C(l) 2.044(10) As-Pd-N(l) 101.0(2) 
N(1)-C(7) 1.49(2) N(l)-Pd-C(l) 80.2(3) 
As-C(ll) 1.928(9) Pd-As-C(11) 105.1(3) 
P(1)-C(l6) 1.834(10) Pd-P(1)-C(16) 112.5(3) 
C(1)-C(6) 1.42(1) Pd-N(1)-C(7) 102.0(5) 
Pd-C(1)-C(6) 111.1(7) 
Figure 7 Stereochemistry of the cation of (S,S)-76 
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The palladium atom has a slightly distorted square planar coordination 
geometry. The dihedral angle between the plane defmed by the atoms Pd, As and P(1), 
and that defined by the atoms Pd, C(1) and N(1), is 3.63°. The donor atoms As, P(1), 
N(1) and C(l) are essentially co-planar. The absolute configuration of the phosphorus 
stereocentre P(1) is S and that of the carbon stereocentre C(l) is S. Furthermore, the 
methylphenylphosphino group is trans to the nitrogen atom of the resolving agent. 
Similar arrangements were observed by Salem et al.237 )A0 and Wild et al.241 in related 
internally diastereomeric Pd(II) complexes containing an orthometallated optically 
active amine and the asymmetric bidentate ligands (S)-1-(diphenylphosphino)-2-
(methylphenylphosphino )ethane, 240 (S)-l-( diphenylphosphino)-2-(methy lpheny lphos-
phino )benzene, 237 and (R)-methylphenyl(8-quinolyl)phosphine.241 
2.1.4 IH NMR spectra of (R,S)-, (R,R)- and (S,S)-76 
The cation of (S,S)-76 retains the same stereochemistry in solution. The IH 
NMR spectra of the internally diastereomeric complexes (R,S)-, (R,R)- and (S,S)-76 
in d2-dichloromethane were all consistent with the stereogenic phosphorus atom being in 
a trans position to the nitrogen atom of the orthometallated optically active amine. The 
methine proton and the non-equivalent NMe groups in these complexes are coupled to 
the phosphorus atom trans to them. A similar stereochemical arrangement was observed 
for related palladium(II) complexes containing the enantiomers of (RAs* ,Rp*)- and 
(RAs*,Sp*)-1-(methylphenylarsino)-2-(methylphenylphosphino)benzene.242 
The IH NMR spectra of (S,S)- and (R,S)-76 in d2-dichloromethane are 
reproduced in Figures 8 and 9, respectively. Selected IH NMR data for these two 
complexes are given in Table 7. 
1T111I1~'lllllIj~'llliIJllilliJIJllr"'iiil~lilliiilC"IJ 
7. 7. 7. l 7. 7. fIN . 
.-----J L,-J L.J 
17 .~ 3.2l 3. 11 
l!l 
. ., 
~ ~~I ~ ~~ ~ I~..: .a..; , J 
Y 
Me.... Me Me.. Me 
Me ",,~ "' ,.", -,+ 
I"., N"" As' ~ H6Pd / X) I' ':,p # IPF, 
A Ph" " .6" Me 
(S,S)-76 
n~5 












- "" I'" 'j" 1' -1 1 , r -'r' - '- '- ' -r l - r-,-r -l T I -r l I T I" ~ r -[T -r -'-rl- r T- I - '~'" I I 













-. ~) I 
.; 
, -, , 1- , · '- I , I I , - , -
2 1 PPN 0 
Vt 
0'\ 
"'~~c;n~mgm~~ t;ii m~!~~~~~!~~~~~~~~~~~~~ ... ~.~: !~~~ 
~~~ ~1lI 1iI~~ 











'i ~ ~ ~ 
I 














Table 7 Selected IH NMR data for the complexes (S,S)- and (R,S)-76 
(in d2-dichloromethane) 
(S.S)-76 
o (CMe ) 1.59 (d, 3H, 3JHH 6.5 Hz) 
o (pMe) 2.25 (d, 3H, 2JpH 10.0 Hz) 
o (AsMe ) 1.84 (s, 3H) 
o (AsMe ) 1.85 (s, 3H) 
o (NMe ) 2.90 (d, 3H, 4JpH 3.0 Hz) 
3.10 (d, 3H, 4JpH 2.6 Hz) 
o (CH) 4.19 (m, 1H) 
(R.S)-76 
1.76 (d, 3H, 3JHH 6.4 Hz) 
2.23 (d, 3H, 2JpH 10.2 Hz) 
1.82 (s, 3H) 
1.88 (s, 3H) 
2.89 (d, 3H, 4JpH 1.8 Hz) 
3.14 (d, 3H,4JpH 3.9 Hz) 
3.72 (m, 1H) 
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No change was observed in the spectra of (S,S)-76 in d2-dichloromethane or 
in d6-dimethylsulfoxide when these were continuously monitored over a period of one 
week. This agrees with observations on related internally diastereomeric palladium(ll) 
complexes containing orthometallated (R)- or (S)-dimethyl(1-phenylethyl)amine and 
the enantiomers of (RAs* ,Rp*)-1-(methylphenylarsino)-2-(methylphenylphosphino)-
benzene.242 Analogous complexes, however, with the same optically active amine and 
enantiomers of (RAs * ,Sp*)-1-(methylphenylarsino)-2-(methylphenylphosphino)-
benzene and a range of asymmetric bidentate ligands with a single phosphorus or 
arsenic stereocentre and a non-stereogenic N,243 p,237,240 or S244 atom, underwent 
facile cis-trans isomerism in solution. Of these only (±)-1-(diphenylphosphino)-2-
(methylphenylphosphino)benzene could be resolved using optically active (R)- or (S)-
dimethyl(1-phenylethyl)amine.237 In this instance, cis-trans isomerism was only 
013~Cft';C.D 
~in the polar solvent dimethylsulfoxide. Resolution of the other chiral bidentate 
ligands was, however, accomplished using as the resolving agent optically active (R)-
or (S)-dimethyl[ l-(1-naphthyl)ethyl]amine. Here facile cis-trans isomerism was only 
observed for complexes containing the enantiomers of (±)-1-(diphenylphosphino)-2-
(methylpheny lphosphino )ethane. 240 
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The isomerism is believed to be intermolecular in nature and to proceed via 
labilisation of the Pd-N bond of the optically active amine or the bond trans to the 
orthometallated C atom.240 This type of isomerism is less prevalent in complexes 
containing orthometallated optically active (R)- or (S)-d.imethyl[I-(I-naphthyl)ethyl]-
amine as they are less labile than those containing the optically active (R)- or (S)-
dimethyl(l-phenylethyl)amine. This is reflected in the relative ease of removal of the 
resolving agent from these complexes: the latter orthometallated amine is displaced 
from the metal centre upon heating of its complexes in acetone in the presence of 
concentrated hydrochloric acid, whereas complexes containing the former must be 
dissolved in concentrated sulfuric acid in order to effect removal of the resolving agent. 
2.1.5 Cbemoselective cleavage reactions of (±)-l-(dimethyl-
arsino)-2-(metbylpbenylpbosphino )benzene, (±)-74 
Chemoselective cleavage of a methyl group from the dimethylarsino moiety of 
(R)- or (S)-74, followed by alkylation with RX (X = halide) should give rise to a pair 
of diastereomers, the separation of which, would provide a path to optically active 
asymmetric bidentate ligands containing two stereogenic centres, Scheme 15, and 
furthermore could serve as a potential route to optically active quadridentate ligands. 
Little evidence, however, for the chemoselective cleavage of a methyl group from the 
dimethylarsino moiety of (±)-74 has been observed in this work. 
Evidence for the cleavage of a methyl group from (±)-74 has been found in 
liq uid ammonia in the presence of sodium metal. The secondary arsine (±)- 1-
(methylarsino)-2-(methylphenylphosphino)benzene was formed upon acid hydrolysis 
of the reaction mixture, however, the reaction was clearly not selective as a number of 
other compounds were identified including tetramethyldiarsine, diphenylmethyl-
phosphine, methylphenylphosphine, (±)-l-(methylarsino )-2-(methylphenylphos-
phino)benzene, and the starting material, (±)-74. 
Scheme 15 
2 / . I 
(±)-74 
(i) Li in THF 
2PMePh2 + (li) aq. NH4Cl 
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These products clearly indicate that the cleavage reaction using sodium in liquid 
ammonia is not selective with at least four sites of attack being involved: cleavage of 
the AsMe2 group; the PMePh group; a phenyl group from the PMePh moiety and a 
methyl group from the AsMez moiety. 
In contrast, reaction of (±)-74 with lithium in tetrahydrofuran resulted in 
completely selective cleavage of the dimethylarsino group to give tetramethyldiarsine 
and diphenylmethylphosphine as the sole products on hydrolysis. In the presence of 
potassium in liquid ammonia selective cleavage of the phenyl group from the PMePh 
moiety of (±)-74 was observed. The reaction did not go to completion, however, and 
the secondary phosphine, (±)-l-(dimethylarsino )-2-(methylphosphino)benzene, was 
isolated in less than 5% yield after a reaction time of 24 hours . When (±)-74 was 
reacted with potassium metal in refluxing l,4-dioxane no reaction was observed; (±)-
74 was recovered, after hydrolysis, quantitatively. 
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2.1.6 Preparation of (±)-1-(methylarsino)-2-(dimethylarsino)-
benzene, (±)-79 
In view of the results observed from the chemoselective cleavage reactions of 
(±)-74, the sodium salt of (2-dimethylarsinophenyl)methylarsenide was chosen as a 
potential precursor to a chiral quadridentate ligand. Carlton and Cook236 have 
previously reported the chemos elective cleavage of a methyl group from 1,2-





Thus, (±)-1-(methylarsino)-2-(dimethylarsino)benzene, (±)-79 was prepared 
by reacting 1,2-phenylenebis(dimethylarsine), 78, with two equivalents of sodium in 
liquid ammonia and subsequent acid hydrolysis. Fractional distillation gave (±)-79, as 
a clear oil, in 44% yield. The compound (±)-79 is extremely pyrophoric. The 1 H 
NMR spectrum of (±)-79 in d6-benzene contains two singlet methyl resonances at 8 
1.01 and 1.03 for the diastereotopic methyl groups of the AsMe2 moiety, a doublet at 8 
1.17 for the remaining AsMe group and a quartet AsH resonance at 8 3.90 (Figure 10). 
The sodium salt of (±)-79 is readily obtained by reaction with one equivalent of 





































































































































































































































































































































2.2 Synthesis and Resolution of (±}-(2-aminophenyl)(2-
chlorophenyl}methylphosphine, (±}-73 
2.2.1 Synthesis of (±}-73 
The synthesis of the bidentate precursor (±)-(2-aminophenyl)(2-
chlorophenyl)methylphosphine, (±)-73, is outlined in Scheme 17. 
Scheme 17 
(XI NH2 (i) 3 LiITH F (ii) H30+ .. ~ PPh2 
80 
(XI NH2 (i) 3 LiITH~ ~ PMePh (ii) H30 + 
(±)-82 
(±)-73 




Thus (2-aminophenyl)diphenylphosphine, 80, which was prepared using a 
modified literature procedure,235 was treated with three equivalents of lithium in 
tetrahydrofuran to give the secondary phosphine (±)-(2-aminophenyl)phenylphos-
phine, (±)-81, in 88% yield upon hydrolysis. Complete conversion of 80 to (±)-81 
was not achieved using less than three equivalents of lithium due presumably to one 
equivalent of the lithium being consumed in the deprotonation of the amino group of 
80 as shown in Equation 2. 
ONH, + 3 Li --.~ ~NHU + PhLi + 112 H, 
PPh, ~PPhLi ( 2 ) 
Subsequent deprotonation of (±)-81 with one equivalent of sodium in 
tetrahydrofuran followed by methylation using iodomethane gave (±)-(2-aminophenyl)-
methylphenylphosphine, (±)-82, in 90% yield. The tertiary phosphine, (±)-82, has 
been prepared in ca 40% yield in a one pot synthesis by reaction of 80 with two 
equivalents of lithium in tetrahydrofuran followed by addition of iodomethane. A 
mixture of (±)-82 and its N-methylated analogue (±)-(2-methylaminophenyl)methyl-
phenylphosphine were formed and separated by fractional distillation. When the 
secondary phosphine, (±)-81, was isolated before alkylation no evidence of formation 
of the N-methylated analogue was found. Completely chemoselective cleavage of a 
phenyl group from (±)-82 was achieved upon reaction with three equivalents of lithium 
in tetrahydrofuran. Hydrolysis gave the secondary phosphine (±)-(2-aminophenyl)-
methylphosphine, (±)-83, in greater than 90% yield. This result is in direct contrast to 
that previously observed for related unsymmetrical triaryl phosphines of the type 2-
RC6f4PPh2 (where R = OMe or PMePh) in which the ortho substituted phenyl group 
was preferentially cleaved in the presence of an alkali meta1.237,245 Presumably the 
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negatively charged amide group of the ortho substituted phenyl ring prevents cleavage 
of this moiety. Reaction of (±)-83 with sodium in tetrahydrofuran followed by addition 
of 1,2 dichlorobenzene gave (±)-(2-aminophenyl)(2-chlorophenyl)methylphosphine, 
(±)-73, in 40% yield. The relatively low yield of (±)-73 is presumably due to the slow 
rate of the nucleophilic substitution reaction. Indeed, the precursor secondary 
phosphine, (±)-83, was recovered in ca 30% yield after a reaction time of 48 hours at 
ambient temperature. Attempts to increase the rate of the reaction by raising the reaction 
temperature to 50 °C resulted in a decreased yield of (±)-73 due to the formation of a 
number of unidentified oligomeric products. When the reaction was carried out using 1-
bromo-2-chlorobenzene, in place of 1,2-dichlorobenzene, no evidence for the formation 
of (±)-73 was observed, the only products being oligomeric compounds and these were 
not further characterised. As a result of these investigations it was determined that the 
optimum conditions for the formation of (±)-73 were, addition of reactants at -78 0C 
and subsequently allowing the reaction to proceed for a period of five days at 0 ± 5 oC. 
Selected IH and 31PPH} NMR data for the compounds (±)-73, (±)-81, (±)-82 and 
(±)-83 are given in Table 8. The IH NMR spectra of (±)-73 and (±)-83 are shown in 
Figure 11 and Figure 12, respectively. 
Table 8 Selected IH and 31p(1H} NMR data for (±)-73, (±)-8I, (±)-82 and (±)-83 
(±)-73a (±)-8Ia (±)-82a (+)-83b 
b (PMe) 1.61 d (3.96)C 1.56 d (3.20)e 1.30 d of d (3.2, 7.5) e,c 
b (NH2) 4.21 br s 3.94 br s 4.06 br s 4.02 br s 
b (PH) 5.10 d (222)d 4.00 d of q (7.6, 214)e,d 
b (P) -48.5 s ~ -42.8 s -89.1 s 
-5'1-2 
a In dl-chloroform; b in d2-dichioromethane; 
C 2JpH, d IJpH and e 3JHH values are given in Hz within parentheses. 
-t 
<:t. 
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Figure 11 IH NMR spectrum of (±)-(2-aminophenyl)(2-chlorophenyl)methylphosphine. 
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The resolution of (±)-(2-aminophenyl)(2-chlorophenyl)methylphosphine, (±)-73, 
was based upon the separation by fractional crystallisation of a pair of internally 
diastereomeric palladium(ll) complexes derived from the resolving agent di-Il-chloro-
bis {(R)-[I-(dimethylamino)ethyl]naphthyl-C2,N}dipalladium(II),230 (R)-84, or its 
enantiomer, (S)-84 (Scheme 18). 
Scheme 18 










(S,R)-85 Scheme 19 
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Excess aqueous ammonium hexafluorophosphate was added to give a mixture, ca 
1:1, of the diastereomeric salts, (S,R)-85 and (R,R)-85. No discrimination between 
(R,R)-85 and (S,R)-85 was observed on addition of one equivalent of aqueous 
ammonium hexafiuorophosphate to the mixture of the chloride salts in methanol. The 
same, ca 1 : 1, mixture of diastereomeric hexafiuorophosphate salts was precipitated 
from the solution. Fractional crystallisation of the resulting mixture of diastereomers 
from chloroform / 2-propanol gave fine colourless needles of pure (S,R)-85, a-2250 
(589 nm, acetone). Attempts to obtain pure (R,R)-85 from the enriched mother liquor 
were not very successful only milligram quantities being obtained after several fractional 
crystallisations from dichloromethane / 2-propanol. Therefore partially resolved (S)-73 
was liberated from a dichloromethane solution of the mixture of diastereomeric 
hexafiuorophosphate salts, enriched in (R,R)-85, by addition of a solution of 
(Rp*,Rp*)-1,2-phenylenebis(methylphenylphosphine), (Rp*,Rp*)-Diph,l1 1.246 in the 




Ro = I [




Resolution of the liberated ligand was achieved via a bridge splitting reaction with 
the partially resolved (S)-73 and di-J.1-chloro- bis { (S )-[ 1- (dimethylamino)-
ethyl]naphthyl-C2,N}dipalladium(II), (S)-84, in methanol. The addition of excess 
aqueous ammonium hexafluorophosphate gave a mixture of diastereomeric salts 
enriched in (R,S)-85, (Scheme 20). The diastereomeric mixture was twice recrystallised 
from chloroform / 2-propanol to give pure (R,S)-85, a. +2250 (589 nm, acetone). 
Scheme 20 
Me .Me 
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( i) Methanol 
(ii) aqNH4PFs 
(R,S)-85 
Ro = I [




Liberation of the optically active enantiomers of (±)-73 was achieved by treatment 
of (S,R)- or (R,S)-85 with (Rp* ,Rp*)-Diph in dichloromethane to give the optically 




(S) -73 (R)-73 
Ro = I L
here ex J . ~ CI 
Diastereomerically pure (R,R)-85 was subsequently prepared from (S)-73 and the 
chIaro bridged dimer (R)-84 in methanol by the addition of aqueous ammonium 











( i) Methanol 




Ro = I L
here ex J ~ CI 
2.2.3 IH NMR spectra of the complexes (R,R)- and (S,R)-85 
The 1 H NMR spectra of the complexes (R,R)-85 and (S,R)-85 in d2-
dichloromethane were consistent with the stereogenic phosphorus centre of the tertiary 
phosphine being trans to the NMe2 of the optically active amine. Both the NMe2 group 
and the methine proton of the optically active orthometallated amine were coupled to the 
trans phosphorus atom. A similar result had previously been observed in analogous 
compounds containing bidentate ligands with N, P or As, P donor sets.24 1,242 The IH 
NMR spectra of the complexes (R,R)-85 and (S,R)-85 in d2-dichloromethane are 
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Furthermore, the IH NMR spectra of (R,R)- and (S,R)-85 were used to assign 
the absolute configuration of the asymmetric phosphorus centre in the two 
diastereomers. It had been noted previously that in related complexes derived from (R)-
84 and the enantiomers of the asymmetric bidentate ligands (RAs* ,Rp*)- and 
(RAs * ,Sp*)-l-(methylphenylarsino)-2-(methylpheny lphosphino )benzene242 and (±)-
methylphenyl-(8-quinolyl)phosphine and its arsenic analogue241 that the y aromatic 
proton of the naphthalene moiety was shifted to lower frequency (Llv - 0.4 ppm) when 
the methyl groups on both the carbon and the phosphorus or arsenic stereocentres were 
on the same side of the palladium coordination plane. In this configuration the phenyl 
substituent on the adjacent phosphorus or arsenic atom strongly shields the y proton of 
the naphthalene moiety. The y proton is also coupled to the phosphorus atom. In the 
case of the complex containing (R)-methylphenyl(8-quinolyl)phosphine this assignment 
of configuration was confmned by an X-ray crystal structure determination. Thus, in 
this work, the diastereomer exhibiting the shift of the y proton to lower frequency was 
assigned the configuration (R,R) in which the methyl groups on the carbon and 
phosphorus stereocentres lie on the same side of the palladium coordination plane. 
Selected IH NMR data for the complexes (R,R)- and (S,R)-85 are given in Table 9. 
Fo~ 
Table 9 Selected IH NMR data (R,R)- and (S,R)-85 in d2-dichloromethane 
" 
CR,R)-85 CS,R)-85 
o (CMe) 1.88 (d, 3J}lli 6.45 Hz) 1.84 (d, 3J}lli 6.40 Hz) 
o (pMe) 2.11 (d, 2JpH 9.75 Hz) 2.33 (d, 2JpH 9.33 Hz) 
o (NMe) 2.87 (d, 4JpH 1.71 Hz) 2.90 (d, 4JPH 1.60 Hz) 
o (NMe) 3,05 (d, 4JpH 3.6 Hz) 3.04 (d, 4JpH 3.60 Hz) 
o (CH) 4.43 (m) 4.43 (m) 
o (NH) 4.97 (d, 2J}lli 13.32 Hz) 4.79 (d, 2J}lli 13.30 Hz) 
o (NH) 5.47 (d, 2JHH 13.2 Hz) 5.60 (d, 2J}lli 13.80 Hz) 
o (yH) 6.62 (d of d, 3J}lli 6.70 Hz, 6.92 Cd of d, 3J}lli 6.63 Hz, 
4JpH 8.42 Hz) 4JpH 8.34 Hz) 
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2.2.4 Crystal structure determination of the complex (S,R)-S5 
The absolute configuration of (R)-73 was confmned by a single crystal X-ray 
structure determination carried out on the internally diastereomeric complex (S,R)-85. 
Crystal data for the complex, C27H29ClF6N2P2Pd: orthorhombic, space group 
P212121(#19), a = 8.294(4), b = 12.423(4), c = 28.704(4) A and V = 2953 A3. The 
stereochemistry of the cation is depicted in the ORTEP diagram in Figure 15. Selected 
bond lengths and bond angles for the cation of (S,R)-85 are given in Table 10. The 
phosphorus stereocentre of the tertiary phosphine is confirmed to be coordinated trans to 
the NMe2 group of the optically active amine and the absolute configurations of the 
stereogenic phosphorus and carbon atoms are S and R, respectively. The geometry of 
the palladium(ll) complex is seen to be slightly distorted square planar. The dihedral 
angle between the planes defined by the atoms Pd(l), N(l) and C(14), and that defined 
by the atoms Pd(l), P(l) and N(2), being 4.7°. 
Table 10 Selected bond lengths and angles for the cation (S,R)-85 
Bond len~hs (A) Bond an~les (0) 
P(l)-Pd(l) 2.220(3) P(1)-Pd(l)-N(l) 179.0(3) 
N(l)-Pd(l) 2.136(9) P(1)-Pd(l)-N(2) 84.0(3) 
C( 14)-Pd( 1) 2.02(1) N(1)-Pd(1)-C(14) 81.3(5) 
N(2)-Pd(1) 2.18(1) P(1)-Pd(1)-C(l4) 97.7(4) 
CI( 1 )-C(27) 1.73(1) N(1)-Pd(1)-N(2) 97.0(4) 
P(l)-C(22) 1.81(1) P(l)-Pd(l)-N(l) 179.0(3) 
P(1)-C(20) 1.81(1) P(1)-C(22)-C(27) 120.2(9) 
N(1)-C(3) 1.48(2) P( 1 )-C(20)-C( 15) 116(1) 
C(3)-C(5) 1.52(2) Pd(1)-C(14)-C(l3) 128(1) 
C(5)-C(14) 1.38(2) Pd(1)-P(I)-C(22) 118.0(S) 
N(2)-C(lS) 1.47(1) Pd(1)-C(14)-C(S) 113.4(10) 
C(1S)-C(20) 1.40(2) Pd(1)-N(1)-C(3) 104.6(7) 
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Figure 15 Stereochemistry of the cation of (S,R)-85 
Chapter 3 
Results and Discussion (II) 
Coupling Reaction between deprotonated (+)-79 and (+)-73 
78 
3.1 Coupling Reaction of Sodium (2-Dimethylarsinophenyl)-
methylarsenide, 86, and (±)-(2-Aminophenyl)(2-chlorophenyl)-
methylphosphine, (±)-73 
3.1.1 Formation of the chiral pentadentate ligand (RAs* ,RAs* ,Sp*)- and 
(RAs*,S As * ,Rp*)- (±)-5-amino-l,4,11, 14-tetraa rsino-2,3,6, 7 ,9,10,12,13-
tetrahydrotetrabenzo-l,I,4,8,11,14,14-heptamethyl-8-phosphinotetra-
decine, (RAs* ,RAs* ,Sp*)- and (RAs* ,SAs* ,Rp*)-88 
Sodium (2-dimethylarsinophenyl)methylarsenide, 86, was prepared from (±)-
1-(methylarsino)-2-(dimethylarsino)benzene, (±)-79, by reaction with one equivalent of 
sodium in tetrahydrofuran at 0 oe, Scheme 23. 
Scheme 23 
ocl AsMeH ~ AsMe2 ocl AsMeNa ~ AsMe2 Na/THF 
(±)-79 86 
The coupling reaction between equimolar quantities of (±)-(2-aminophenyl)(2-
chlorophenyl)methylphosphine, (±)-73, and 86 was carried out in tetrahydrofuran at 
-78 0 e, Scheme 24. The deep red coloured mixture was allowed to react at -15 ± 5 oe for 
a period of five days and the resulting pale yellow coloured solution was subsequently 
refluxed for four hours prior to work up. A highly viscous orange oil was isolated from 
the reaction mixture. Attempts to separate the components of the mixture by fractional 
crystallisation from a variety of solvent systems were unsuccessful. Separation and 






-15 ± 5°C (5 days) 
Reflux (4 hours) 
(XI AsMeNa ~ AsMe2 
86 
{Only one enantiomer of each chiral ligand is depicted} 
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3.1.2 Isolation of (±)-[CoCl{(RAs* ,RAs* ,Sp* )-88} JCI2 and (±)-[CoCl-
{(RAs * ,SAs· ,Rp*)-88} J CI2 
The orange oil from the reaction of 86 with (±)-73 was treated with a solution 
of hexaaquacobalt(lI) chloride in methanol; acidified with hydrochloric acid and oxidised 
in air to give four principal products: a 1 : 1 diastereomeric mixture of (±)-[CoCl-
{(RAs* ,RAs* ,Sp*)-88}] Cl2 and (±)-[CoCI{ (RAs* ,SAs* ,Rp*)-88}] C12; trans-
[COCI2(diarsh]CI; and [CoCI2(PNh]CI [where diars = 1,2-phenylenebis(dimethyl-
arsine), 78, and PN = (±)-(2-aminophenyl)methylphenylphosphine, (±)-82). The latter 
product was isolated as an isomeric mixture. The expected product cis-(±)-
80 
[CoCl2 {(RAs* ,Sp*)-87 nCl was isolated in less than 5% yield. Separation of the 
cobalt(llI) complexes was effected as shown in Scheme 25. 
Scheme 25 [Co(IlI)-] complexes 
in methanol / HCI 
(i) Evaporate to dryness 
(ii) Add H20 ca 20 mL g-1 
(iii) Digest 100°C ca 6 hours 
(iv) Cool, leave 24 hours @ ca 5 °c 




~ Complexes + 
I Filter I [CoCI2{ (RAs• ,Sp ·)-87} 
FraJonal 




(i) Acidify with HCI t 
lC I 
(ii) Extract CH2CI2 [CoCI2(PN )21C'l 
I CH2CI2 extract Comolexes Recrystallise from hot H2O 
or 
Purify ion-exchange column aqueous l[CoCI2{ (RAs· , Sp ·)-87} 1 ( Dowex 50W) -=$oil. >( 2 phase 
Eluant 0.25 M HCI / Methano 
CI 
(i) Evaporate to dryness 
[CoCI{(RAs ·,RAs ·,Sp·)-88}lCI2 I (ii) Take up in Methanol ca 20 mL g-1 ~ Filter I (iii) Add · equal volume diethyl ether 
Separate ion-exchange column 
[CoCI{ (RAs • ,SAs· ,Rp ·)-88}]CI2 ( Dowex SOW) -= S o AI.Xl f--
Eluant 0.75 M HCI / methanol + residues 
t I Filtrate ~J misc. residue 
[COCI{(RAS·,SAS·,Rp·)-88}lCI2 1 
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3.1.3 Crystal and molecular structure of [OC-6-43-(RAs.,RAs.,Sp.»)-
and [OC-6-43-(RAs·,S As· ,Rp·) )-(±)- [S-amino-l,4,11,14-tetraarsino-2,3, 
6,7,9 ,10,12,13-tetrahydrotetra benzo-l, 1,4,8,11,14,14-heptamethyl-8-
phosphinotetradecine-As,As' ,As' , ,As' , , , P)chlorocobalt(III) chloride. 
The structures of the diastereomeric complexes, (±)-[CoCl (CRAs* ,RAs* ,Sp*)-
88} ]C12 and (±)-[CoCl{ CRAs* ,SAs* ,Rp*)-88 }]C12 were determined by single crystal 
X-ray analyses. Suitable crystals of the complex (±)-[CoCl {(RAs* ,RAs* ,Sp*)-88) ]C12 
were obtained as the heptahydrate solvate from aqueous solution in the form of orange-
red plates. These crystals readily lost H20 in vacuo to form a stable dihydrate solvate. 
The more soluble isomeric complex, (±)-[CoCI{(RAs*,SAs*,Rp*)-88}]CI2, was only 
obtained in pure form using ion-exchange chromatography, and forms orange prisms 
from methanol! diethyl ether. 
The structural data clearly showed that the complexes contained a novel chiral 
pentadentate ligand with a donor set consisting of one phosphorus and four arsenic donor 
atoms. Furthermore the ligands contain an As-N bond. Although a number of transition 
metal complexes, in particular complexes of Fe, Mn and Cr, containing As-N bonds, 
have been structurally characterised, these appear to be the flrst structurally documented 
examples of a complex containing a Co-As-N bonding arrangement.2A8-255 
The molecular structure of the cations [CoCI{CRAs*,RAs*,Sp*)-88}]2+ and 
[CoCI{(RAs*,SAs*,Rp*)-88}]2+ are shown in Figure 16 and Figure 17, respectively. 
Both complexes are racemic compounds with d-(RAs,RAs,Sp) and A-(SAs,SAs,Rp) 
forms of [CoCI{(RAs*,RAs*,Sp*)-88}]2+ and d-(RAs,SAs,Rp) and A-(SAs,RAs,Sp) 
forms of [CoCI{ (RAs*,SAs*,Rp*)-88)]2+ being present in the respective unit cells. Only 
the former is shown in each case. 
Selected crystallographic data for the complexes [CoCI {(RAs* ,RAs*,Sp*)-
88}]CI2 and [CoCI{ (RAs* ,SAs*,Rp*)-88}]CI2 is given in Table 11. 
C2 C I C.) c:> C30 \ a Y C28 C27 
C4 )...... ~. I C29 r_~ 
C5 f\ C3 C9 ~'~~ f'_c;)~ C ))~C'A As1 ~ C23 ' ({fwI... r-1 n ""C26 ~ C7 ~~ Cl r As4 ~~'Vq,J 
C6 ~~ C01~a~~ t) C24 C25 







Figure 16 Molecular structure of the cation [CoCl{(RAs*,RAs*,Sp*)-88}]2+ 
Figure 17 Molecular structure of the cation [CoCl{(RAs*,SAs*,Rp*)-88}]2+ 
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Table 11 Selected crystallographic data for the complexes [CoCl {(RAs* ,RAs* ,Sp*)-
88}]Ch, A, and [CoCl{(RAs*,SAs*,Rp*)-88}]CI2. B. 
A B 
Crystal System triclinic triclinic 
Lattice Type primitive primitive 
Space Group PI (#2) Pl(#2) 
Lattice Parameters: a= 11.638(3)A 10. 134(2)A 
b= 12.789(2)A 11.241(3)A 
c= 14.870(4)A 16.948(4)A 
a= 81.80(2)0 108.12(2)0 
f3= 70.29(2)0 91.35(2)0 
Y= 84.55(2)0 98.09(2)0 
V= 2059.7(8)A3 1812.1(7)A3 
The primary difference between the two structures was that As(3) [the As atom 
directly bonded to the N atom] was trans to As(1) in the cation [CoCI{(RAs*,RAs*,Sp*)-
88})2+ but trans to As(2) in the complex ion [CoCI{(RAs*,SAs*,Rp*)-88}]2+. This 
change in stereochemistry resulted in an inversion of configuration at the As(3) 
stereocentre. Thus, the relative configurations of pel) and As(2) in the cations 
[CoCl {(RAs* ,RAs* ,Sp*)-88} ]2+ and [CoCI {(RAs* ,SAs* ,Rp*)-88 })2+ were the same; 
the two diastereomeric pentadentate ligands differed only in the configuration at the 
stereogenic arsenic centre As(3). The two stereogenic arsenic atoms As(2) and As(3) of 
the cation [CoCl { (RAs * ,RAs * ,Sp *)-88 }]2+ had the same relative configurations while the 
stereogenic phosphorus atom pel) had the opposite configuration. On the other hand the 
stereogenic centres As(3) and pel) had the same relative configurations and As(2) the 
opposite configuration in the cation [CoCI{(RAs*,SAs*,Rp*)-88}]2+. Thus, the coupling 
reaction between 86 and (±)-73 proceeded with complete regioselectivity. 
Selected bond lengths and bond angles for the cations, [CoCl{(RAs*,RAs*,Sp*)-
88}]2+ and [CoCl{(RAs*,SAs*,Rp*)-88}]2+ are given in Tables 12 and 13. 
84 
Table 12 Selected bond angles (0) and bond lengths (A) around the metal centre for 
the cations [Coc!{(RAs*,RAs*,Sp*)-88}]2+ and [CoCl{(RAs*,SAs*,Rp*)-88}]2+ 
Bond angles [CoCl {(RAs* ,RAs* ,Sp *)-88) ]2+ [CoC! {(RAs*,S As* ,Rp *)-88) ]2+ 
As(1)-Co-Cl(1) 89.48(7) 82.99(8) 
As(2)-Co-Cl(1 ) 90.22(7) 91.40(8) 
As(3)-Co-Cl(1 ) 81.83(7) 94.47(8) 
As(4)-Co-Cl(1) 87.67(7) 84.46(8) 
Co-As(1)-C(2) 116.1(3) 128.0(3) 
Co-As(1)-C(1) 122.8(3) 115.6(3) 
Co-As(1)-C(3) 107.4(3) 106.8(3) 
Co-As( 4 )-C(30) 117.3(3) 119.5(3) 
Co-As(4)-C(31) 122.9(3) 120.8(3) 
Co-As(2)-C(9) 123.5(3) 124.8(3) 
Co-As(3)-C(23) 122.5(3) 124.6(3) 
As(I)-Co-As(2) 86.16(5) 86.15(5) 
As(1)-Co-As(4) 90.79(5) 167.41 (6) 
As(1 )-Co-As(3) 171.10(6) 91.73(5) 
As(2)-Co-As(3) 95.77(5) 173.47(7) 
As(2)-Co-As( 4) 176.31(5) 95.17(5) 
As(3)-Co-As(4) 86.93(5) 88.24(5) 
As(1)-Co-P 101.17(7) 101.13(8) 
As(2)-Co-P 85.34(7) 87.97(7) 
As(3)-Co-P 87.66(7) 86.32(7) 
As(4)-Co-P 97.30(7) 92.43(7) 
CI(I)-Co-P 168.10(1) 176.8(1) 
Co-P-C(16) 118.9(3) 120.1(3) 
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Table 12 (contd) 
Co-P-C(16) 118.9(3) 120.1(3) 
As(1)-C(3)-C(8) 118.4(6) 118.3(6) 
As(2)-C(10)-C( 15) 114.4(6) 115.9(6) 
As(2)-C(8)-C(3) 117.1(6) 117.5(6) 
As( 4 )-C(29)-C(24) 119.0(6) 117.8(6) 
C(2)-As(1)-C(1) 102.9(4) 98.1(5) 
C(8)-As(2)-C(9) 104.0(4) 106.3(4) 
C(29)-As( 4)-C(30) 102.4(3) 101.9(4) 
C(30)-As( 4 )-C(31) 101.5(4) 99.5(4) 
Co-As(2)-C(8) 109.4(2) 109.8(3) 
Co-As(1)-C(3) 107.4(3) 106.8(3) 
Co-As(4)-C(29) 105.7(2) 106.1(2) 
Bond len~ths [CoCl( (RAs*,RAs* ,Sp·)-88JJ2+ [CoCl (RAs* ,SAs* ,Rp ·)-88 J J2+ 
Co-As(l) 2.363(2) 2.403(2) 
Co-As(2) 2.312(2) 2.297(1) 
Co-As(3) 2.306(2) 2.284(1) 
Co-As (4) 2.358(2) 2.353(2) 
Co-Cl(1) 2.279(2) 2.261(3) 
Co-P 2.211 (2) 2.206(2) 
C(16)-P 1.816(9) 1.828(8) 
As(1)-C(l) 1.936(9) 1.935(9) 
As(1)-C(2) 1.924(9) 1.930(9) 
As(2)-C(9) 1.919(9) 1.932(8) 
As(4)-C(30) 1.911(9) 1.923(9) 
As(4)-C(31) 1.939(9) 1.931 (9) 
As(3)-C(23) 1.918(9) 1.917(8) 
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Table 13 Selected bond angles (0) and bond lengths (A) around the six membered ring 
containing the As-N bond for the cations [CoCl{ (RAs* ,RAs*,Sp*)-88}]2+ 
and [CoCl (RAs* ,SAs* ,Rp *)-88 }]2+ 
Bond an~les [CoCl {(RAs* ,RAs* ,Sp *)-88} ]2+ [CoCl {(RAs* ,SAs* ,Rp *)-88} ]2+ 
Co-As(3)-C(24) 107.3(2) 108.2(2) 
Co-As(3)-N 115.1(2) 113.8(2) 
As(3)-N-C(22) 119.6(6) 127.0(5) 
Co-P-C(17) 116.3(3) 112.6(3) 
Co-P-C(15) 109.6(3) 110.6(3) 
N-C(22)-C(17) 121.2(8) 122.3(7) 
N-As(3)-C(24) 105.2(3) 103.0(3) 
N -As(3 )-C(23) 98.9(4) 101.5(4) 
P-C(17)-C(22) 119.9(7) 119.0(6) 
P-C(17)-C(18) 120.6(8) 122.6(6) 
C(17)-P-C(15) 101.9(4) 107.9(4) 
Bond len~ths [CoCl (RAs* ,RAs* ,Sp *)-88} ]2+ [Coc! (RAs* ,SAs* ,Rp *)-88} ]2+ 
Co-As(3) 2.306(2) 2.284(1) 
Co-P 2.211 (2) 2.206(2) 
As(3)-N 1.832(7) 1.838(7) 
As(3)-C(24) 1.945(7) 1.928(8) 
N-C(22) 1.41(1) 1.402(9) 
C(22)-C(l7) 1.39(1) 1.423(10) 
P-C(17) 1.793(9) 1.802(8) 
P-C(15) 1.840(9) 1.821(7) 
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Both structures have slightly distorted octahedral geometries. Considering the 
least squares plane containing the metal centre and the four coordinated arsenic atoms in 
both the complexes it is found that the nitrogen bonded arsenic atom As(3) and the arsenic 
atom trans to it lie above, whilst the remaining two trans arsenic atoms lie below, this 
plane. The mean deviations from the least squares plane are +0.11 A and +0.12 A for the 
fonner arsenic atoms, respectively, and -0.15 A and -0.13 A for the latter, respectively. 
Considering an axis through the metal centre and perpendicular to the least squares plain 
of the coordinated arsenic atoms, it is found that, the maximum deviation from this axis 
for the Co-Cl(1) bond is 8.20 in the cation [CoCI{ (RAs*,RAs*,Sp·)-88}]2+ and 14.50 in 
the cation [CoCl{(RAs*,SAs*,Rp·)-88}]2+; the maximum deviation of the Co-P bond 
from this axis, 11.20, is identical in both complexes. 
There is a distinct paucity of structural data for mononuclear cobalt(III) 
complexes containing linear polydentate arsine or phosphine ligands. Detailed structural 
data does, however, exist for cobalt(ill) complexes of the diarsine, l,2-phenylenebis-
(dimethylarsine), diars, 78. Pauling et a1.256 discuss in detail the structure of the complex 
trans-[CoCI2(diarsh]CI04. It is noteworthy that the mean Co-As bond length found for 
this complex, 2.34 A, is indeed very similar to that found for the two pentadentate 
complexes in this work. A Co-As bond length of 2.34 A is 0.10 A less than the estimated 
single bond distance of 2.44 A and would thus imply relatively little d1t - d1t 
interaction.256 Also noted in the structure of rrans-[CoCI2(diarsh]CI04 was a distortion 
of the bond angles at the arsenic atoms involving a 'closing down' from the tetrahedral 
value (1090 28') not only of the Me-As-C (phenylene) angles, but also of the Me-As-Me 
angles. A very similar effect is seen in the structures of both pentadentate complexes and 
certainly supports the assertion256 that the apparent distortion observed in the coordinated 
diarsine is, in fact, a property of the free ligand (viz. the high s character of the arsenic 
lone pair orbitals) which is retained on complex formation. In addition the Co-As bond 
lengths (ca 2.34 A) for the pentadentate complexes are similar to previously reported 
values for Con - As (where n = 0 to III).257-260 
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The shortest Co-As bond length found in both of the pentadentate complexes 
occurs at the nitrogen bonded arsenic, As(3), and the shortening of this bond is more 
apparent in the cation [COCl{ (RAs* ,RAs* ,Sp *)-88 }]2+. This shortening may be attrib-
utable to the greater flexibility within the six membered chelate ring containing the As-N 
bond. 
The Co-P bond length of 2.21 A found in both the cations 
[CoCI(RAs*,RAs*,Sp*)-88}]2+ and [CoCI(RAs*,SAs*,Rp*)-88}]2+ is similar to the 
Co-P bond lengths of 2.23 A and 2.25 A reported by Kinoshita et al.261 for cobalt(III) 
complexes of the ligands (±)-(2-aminoethyl)(n-butyl)phenylphosphine and (2-amino-
ethyl)diphenylphosphine, respectively, and with the Co-P values of 2.19 A and 2.23 A 
found by Di Vaira et al.262 for the complex [(triphos)Co(As2S)]BF4.C6H6 [where 
triphos = 1,1,I-tris(diphenylphosphinomethyl)ethane]. The Co-As bond lengths, ca 2.38 
A, reported for this latter complex, also fall in a comparable range to the Co-As bond 
lengths found for the pentadentate complexes. 
Co-P lengths in the range 2.21 A to 2.26 A have been reported for cobalt(IIl) 
complexes of 1,1,I-tris(dimethylphosphinomethyl)ethane263 and 1,2-bis(dimethylphos-
a.K 
phino )ethane. 264 Significantly more structural data' available on metal clusters 
containing cobalt, phosphorus and arsenic. Interestingly, Co-P and Co-As bond lengths 
found in cobalt metal clusters, and also in mixed metal clusters, again have values ca 2.21 
A and 2.40 A, respectively.247,265 
As previously mentioned the complexes, [CoCI (RAs* ,RAs* ,Sp *)-88}]-
Ch and [CoC1( (RAs*,SAs*,Rp*)-88}]CI2 appear to be the first structurally documented 
examples of compounds containing a Co-As-N bonding arrangement. The As-N bond 
length in both complexes is 1.83A. This value is comparable to that found in a number 
of other complexes containing bonds of the type Cr_As_N248,251-253, Os-As-N249,266, 
Mn_As_N250,252-254 and Fe-As-N255 in which the As-N bond lengths varied from l.83 
A to 2.04 A. 
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3.1.4 NMR spectra of the complexes (±)-[CoCI{(RAs·,RAs·,Sp*)-
88}]C12 and (±)-[CoCI{(RAs·,SAs·,Rp*)-88}]CI2 
The NMR spectra of the complexes [CoCI{(RAs*,RAs*,Sp*)-88}]CI2and 
[CoCI{ (RAs*,SAs*,Rp*)-88}]CI2 in solution can be rationalised in terms of their solid 
state structures. The IH NMR spectra of the complexes in c4-methanol, shown in Figure 
18 and Figure 19, respectively, were similar, each contained six singlet AsM e 
resonances and one doublet PMe resonance. Furthermore the 31p{ IH} NMR spectra for 
the complexes (±)-[CoCI{ (RAs* ,RAs* ,Sp*)-88}]C12 and (±)-[CoCI{ (RAs*,SAs* ,Rp*)-
88}]CI2 (in c4-methanol) exhibited singlet P resonances at B 46.5 and 47.1, 
respectively. Selected IH NMR spectral data for the two complexes are shown in Table 
14. The IH NMR data revealed a ca 0.6 ppm chemical shift difference for the PMe 
resonance in the two diastereomeric complexes, with that for the (RAs*,SAs*,Rp*) 
diastereomer occurring at lower field. Consistent with this observation the solid state 
structures of the two complexes suggest that shielding of the PMe group by the ortho-
phenylene. moiety directly bonded to the P atom should be less apparent for the 
(RAs*,SAs*,Rp*) diastereomer. The As methyl resonances for the complexes could not 
be unambiguously assigned. 
Table 14 Selected 1 H NMR data for the complexes (±)-[CoCl {(RAs* ,RAs* ,Sp *)-
88} ]C12 and (±)-[CoCl {(RAs* ,SAs* ,Rp *)-88) ]C12 (in c4-methanol) 
(±)-[CoCl {(RAs* ,RAs* ,Sp *)-88) ]C12 (±)-[CoCl {(RAs* ,SAs* ,Rp *)-88) ]C12 
B 1.69 (d, 3H, 2JpH 11.5 Hz, PMe) B 2.33 (d, 3H, 2JpH 12.1 Hz, PMe) 
B 1.76 (s, 3H, AsMe) B 1.07 (s, 3H, AsMe) 
B 1.84 (s, 3H, AsMe) B 1.46 (s, 3H, AsMe) 
B 2.17 (s, 3H, AsMe) B 1.65 (s, 3H, AsMe) 
B 2.49 (s, 3H, AsMe) B 1.92 (s, 3H, AsMe) 
B 2.63 (s, 3H, AsMe) B 2.18 (s, 3H, AsMe) 


























































































































































































































3.1.5 Isolation of trans-[CoCI2(diars)2]CI and cis-(±)-[CoCI2(PN)2]CI 
Besides the isomeric pentadentate complexes (±)-[CoCI {(RAs* ,RAs* ,Sp*)-
88}]C12 and (±)-[CoCI{(RAs*,SAs*,Rp*)-88}]CI2 two other main products were 
isolated from the coupling reaction, namely trans-[CoCI2(diarsh]CI and (±)-
[CoCh(PNh]CI [where diars = 1,2-phenylenebis(dimethylarsine), 78, and PN = (±)-(2-
aminophenyl)methylphenylphospbine, (±)-82]. 
The bis(ditertiary arsine) complex has previously been reported by Bosnich et 
a1.225b and the crystal and molecular structure of the complex [COCI2(diars)21CI has been 
reported by Bernstein et aZ.225c The complex was characterised by comparison with an 
authentic sample. 
The bis(tertiary phosphine) complex has been characterised by chemical 
analysis and NMR spectroscopy. The IH NMR spectrum (in <4-methanol) of this 
complex exhibited a pair of well formed doublet PMe resonances in a ratio of 1 : 1 at 0 
2.29 (2JpH. 13.8 Hz) and 0 2.39 (2JpH 13.9 Hz) while singlet 31p resonances at 041.6 
and 43.1 were observed in the 31p(lH} NMR spectrum of the sample in the same 
solvent. This data is consistent with the presence of (Rp*,Rp*) and (Rp*,Sp*) 
diastereomers of the complex [CoCh(PNh]CI in which the ligands have adopted a cis-
(P,P) configuration. The presence of well formed doublets for the PMe resonances 
strongly suggests a cis arrangement of the phosphorus donor atoms.218 Furthermore, a 
similar result was found for a series of related compounds of the type [COChL2]CI 
[where L = (2-aminoethyl)diphenylphospbine, (±)-(2-aminoethyl)(n-butyl)phenylphos-
phine or (2-aminophenyl)diphenylphosphine].261,267-269 Here crystallographic 
evidence revealed exclusive formation of diastereomers containing trans chloro groups 
and a cis arrangement of the phosphorus donor atoms. The same stereochemistry was 
observed when the chloro groups were replaced by bromo, iodo, azido, isocyanato, 
nitro or isothiocyanato groups. In the latter case a second diastereomer was also formed 
containing cis isothiocyanato groups and trans disposed phosphorus donor atoms. 
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The five possible geometrical isomers for cations of the type [CoCI2(Lh]+ 
[where L is a bidentate ligand with phosphorus and nitrogen donor atoms] are shown in 
Figure 20. More importantly, however, twelve pairs of enantiomers and two achiral 
diastereomers can be envisaged for such complexes when the phosphorus atom is a 
stereogenic centre, for example, the cation [CoCl2(PNh]+. The possible stereoisomers 
are shown in Figure 21. 
CI CI r P (' I ,'N) (>f() N, I "CI 'I, " I,. ", ;;·co~ p>t,p N I 'CI 
CI CI "--p 
OC-6-13 OC-6-12 OC-6-33 
OC-6-22 OC-6-32 
Figure 20 The five possible geometrical isomers of [CoCI2(L)2t 
(where L = P ,-.... N) 
The 1 H NMR spectrum of the residual material from the coupling reaction 
contained several doublet and triplet PMe resonances which may well arise from the 
presence of trace quantities of other diastereomeric complexes of [COCI2(PNh]Cl. 






OC-6-13-(Rp* ,Rp*) OC-6-13-(Rp* ,Sp*) 
OC-6-12-(Rp*,Rp*) 
A-(S,S) ~-(R,R) A-(R,R) ~-(S,S) 
OC-6-33-(Rp* ,Rp*) 
A - (R,S) ~-(R,S) A-(R ,S) ~-(R,S) 
OC-6-33-(Rp*,Sp*) OC-6-22-(Rp*,Sp*) 
Figure 21 Stereoisomerism in the octahedral cation [CoCI2(PN)2t 









L\-(R,R) A-(R,R) L\-(S,S) 
OC-6-32-(Rp*,Rp*) 
L\-(S,R) A-(S,R) L\-(R,S) 
OC-6-32-(Rp*,Sp*) 
Stereoisomerism in the octahedral cation [COCI2(PN)2t 
(Phenyl groups on the P atoms have been omitted for clarity) 
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diars,78, « 10%) [the isolation of the secondary arsine, (±)-79, involves fractional 
distillation of a product containing (±)-79 and 78] was used in the coupling reaction a 
different isomer distribution was found for the isolated complex [CoCh(PNh]Cl. The 1H 
NMR spectrum of the isolated complex (in <4-methanol) contained three doublet PMe 
resonances at a 1.88 (2JpH 13.6 Hz), 2.02 (2JpH 13.3 Hz) and 2.15 (2JpH 13.6 Hz); 
singlet 31 P resonances at a 11.6, 35.1 and 36.6 were observed in the 31 P (1 H) NMR 
spectrum of the sample in the same solvent. None of these resonances coincided with 
those found for the complex isolated from the 'diars free' coupling reaction. Furthermore, 
the ratio in which the isomers were present was dependent on the reaction temperature and 
ranged from 4 : 8 : 1 for a reaction conducted at low temperature (-20 oc) to 10 : 2 : 1 
for a reaction at high temperature (45 OC). 
Attempts to liberate the PN ligand from these complexes by mild cyanolysis with 
dichloromethane I aqueous potassium cyanide were unsuccessful; dicyano complexes of 
the type [Co(CNh(PNh]CN were isolated. The IH NMR spectrum, in <4-methanol, of 
the dicyano complex formed from [COC12(PNh]Cl obtained from a 'diars free' coupling 
reaction contained two doublet PMe resonances at a 2.00 (2JPH 13.3 Hz) and 2.19 (2JPH 
13.7 Hz). Singlet 31p resonances were observed at a 37.3 and 35.8 in the 31p{ 1H}NMR 
-r~ a~ 
spectrum of the complex in the same solvent. . s data· s consistent with the presence of 
(Rp* ,Rp*) and (Rp* ,Sp*) diastereomers containing cis disposed phosphorus donor 
atoms. Importantly, the 1H NMR spectrum, in <4-methanol, of the dicyano complex 
formed from [CoC12(PNh]Cl, isolated from a coupling reaction in which diars was 
present in the reactants « 10%), contained the same two PMe resonances (8 2.QO, 2.19) 
plus a third doublet PMe resonance at a 1.85 (2JpH 13.3 Hz). The 31p(1H} spectrum of 
the complex, in the same solvent, similarly contained two 31p resonances at 8 37.3 and 
35.9 and a third resonance at a 11.9. Further cyanolysis of these dicyano complexes in 
refluxing n-hexane I methanol in the presence of aqueous potassium cyanide for 24 hours 
liberated the free ligand (±)-(2-aminophenyl)methylphenylphosphine, (±)-82. 
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An authentic sample of [CoCh(PNh]CI was prepared by reacting pure (±)-(2-
aminophenyl)methylphenylphosphine, (±)-82, with hexaaquacobalt(II) chloride in 
acidified methanol and oxidising in air. The 1H NMR spectrum of the resulting complex 
(in d4-methanol) exhibited a triplet PMe resonance centred at 0 2.78 and an associated 
31 P resonance at 0 44.7 was observed in the 31 P { 1 H} NMR spectrum of the complex in 
the same solvent. Minor doublet PMe resonances at 0 2.05 (2JpH 13.3 Hz) and 2.21 
(lJpH 12.9 Hz) were also observed in the 1H NMR spectrum of the complex and two 
minor 3lp resonances at 0 39.4 and 41.0 in the 31p{ IH} NMR spectrum. None of these 
resonances coincided with those reported for the analogous complexes isolated from the 
coupling reaction. Mild cyanolysis of [CoCh(PNh]CI with dichloromethane / aqueous 
potassium cyanide again resulted in a mixture of dicyano complexes of the form 
[Co(CNh(PNh]CN. The 1H NMR spectrum of these complexes, in d4-methanol, 
exhibited a well resolved doublet PMe resonance at 0 2.00 (lJpH 13.3 Hz) and an 
associated 3lp resonance at 0 37.3 was present in the 31p(lH} NMR spectrum of the 
complex in the same solvent. These signals were present in the respective spectra of the 
dicyano complexes prepared from [CoCh(PNh]CI from the coupling reactions. Also 
present in the IH NMR spectrum of the dicyano complex were a group of overlapping, 
poorly resolved doublet and / or triplet PMe resonances in the region 02.33 - 2.66. The 
31p(lH} NMR spectrum of the complex, in the same solvent, also contained four minor 
resonances at 0 24.3, 26.4, 54.2 and 56.3. 
A different isomer distribution was observed for the complex [CoCI2(PNh]CI 
when it was prepared from a 1 : 1 mixture of the PN ligand, (±)-82, and diars, 78, 
using similar reaction conditions. The IH NMR spectrum (in d4-methanol) exhibited two 
well defined triplet PM e resonances centred at 0 1.18 and 1.48 and a group of 
overlapping, poorly resolved doublet and / or triplet PMe resonances in the region 0 
2.05-2.33. These were not further investigated. The only diars containing species isolated 
from this reaction was trans-[CoCI2(diarsh]Cl. Clearly the isomer distribution for 
[CoCh(PNh]CI is critically dependent on the reaction conditions. 
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3.1.6 Formation of the chiral quadridentate ligand (RAs* ,Sp*)-
(±)-1-[(2-dimethylarsinophenyl)methylarsino]-2-[(2-amino-
phenyl)methylphosphino]benzene, (RAs* ,Sp*)-87 
Only small amounts of the compound cis-[CoC12(RAs*,Sp*)-87}]CI were 
identified in the product from the coupling reaction using equimolar amounts of sodium 
(2-dimethylarsinophenyl)methylarsenide, 86, and (±)-(2-aminophenyl)(2-chloro-
phenyl)methylphosphine, (±)-73. Increasing the reaction time and / or the reaction 
temperature did not significantly alter the ratio of cobalt(lll) complexes containing the 
pentadentate ligand versus the quadridentate ligand (typically 9: 1). Diminished yields 
of these complexes, however, were noted at elevated temperatures with concomitant 
increases in the yields of trans-[CoCI2(diarsh]CI and [COCI2(PNh]Cl. The ratio of 
cobalt(III) complexes containing quadridentate versus pentadentate ligands was 
significantly increased, however, when an excess of the tertiary phosphine precursor, 
(±)-73, was used in the coupling reaction. The optimal conditions for the formation of 
quadridentate ligand, (RAs* ,Sp*)-87, were determined to be reaction of (±)-73 and 86 
in a molar ratio of 1.5 : 1 in tetrahydrofuran at -78 oC, Scheme 26. The reaction mixture 
was allowed to come to ambient temperature over a period of ca eight hours whereupon 
the temperature was raised to 45 ± 5 OC. This was maintained for a period of five days . 
Subsequent heating of the reaction mixture at reflux for four hours and work up yielded 
an amber coloured viscous oil. 
Separation and characterisation of the reaction products was again achieved via 
their cobalt(ill) complexes after treatment of the oil from the coupling reaction with 
hexaaquacobalt(II) chloride in methanol, acidification with hydrochloric acid and 
oxidation in air, Scheme 27. 
The complexes trans-[CoCI2(diarsh]CI and [CoCI2(PNh]CI were again 
present but the isomeric complexes, (±)-[CoCl(RAs*,RAs*,Sp*)-88}]CI2 and 
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(±)-[CoCI {(RAs* ,SAs* ,Rp*)-88}]CI2, were present in less than 5% yield. The complex 
cis-[CoCh {(RAs'" ,Sp*)-87) lCI was isolated in ca 12% yield. The diminished yields of 
coupled product in the reaction can be attributed to the elevated temperature which 
favours the formation of trans-[CoCh(diarshlCl and [CoCh(PNhlCl. Small amounts 
of the complex trans-[CoCI2(PNhlCl were also isolated from the reaction. Also 
recovered from the reaction products was unreacted (±)-(2-aminophenyl)(2-chloro-
phenyl)methylphosphine, (±)-73. 
Scheme 26 
(±) -7 3 (1.5 equivalents) 
cxASM9Na ~ AsM92 
+ 8 6 (1.0 equivalent) 
THF -78°C 
45 ± 5 °c (5 days) 
Reflux (4 hours) 
(only one enantiomer of each chiral ligand is depicted) 
Scheme 27 
[Co(III)-t complexes 
in methanol / HCI 
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(i) Evaporate to dryness 
(ii) Add H20 ca 20 mL g-1 
(iii) Digest 100°C ca 6 hours 
(iv) Cool, leave 24 hours @ ca 5°C 
Green crystalline ppt 
.I trans-[CoCI2(diars)21 CI 1 
Dark red crystals 
t I [COCI2{(RAs*,Sp*)-87})CI I 
Recrystallise from hot H2O 
or 
Purify ion-exchange column 
( Dowex 50W)"!: 50wx 2-
Eluant 0.25 M HCI / methanol 




Separate via tract. cryst. 
methanol / diethylether 
t l Filter 1 
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Little evidence for the formation of the complex (CoCh (±)-7312]CI was found 
in the reaction products. Furthermore. attempts to prepare an authentic sample of the 
complex by reacting (±)-(2-aminophenyl)(2-chlorophenyl)methylphospbine. (±)-73. with 
hexaaquacobalt(Il) chloride in methanol. followed by acidification with hydrochloric acid 
and oxidation in air. were not particularly successful. The complex [CoCl2 (±)-73) 2]Cl 
was isolated in less than 10% yield even after 24 hours of reaction time and the 
uncomplexed ligand was readily recovered from the reaction mixture. The reluctance of 
(±)-73 to form a cobalt(ill) complex is probably a reflection of the bulky nature of the 2-
chlorophenyl group of the ligand. The IH NMR spectrum of [CoCI2( (±)-73}2]CI (in <4-
methanol) exhibited two triplet PMe resonances centred at 02.06 and 0 2.46. consistent 
with the formation of (Rp'" .Rp"') and (Rp'" .Sp"') diastereomers containing trans disposed 
phosphorus donor atoms. 
The IH NMR spectrum of the quadridentate complex cis - (±) -
[COCI2«RAs .... Sp*)-87}]C1.2H20 (in <4-methanol) revealed the presence of a single 
diastereomer: three singlet resonances at 0 1.54. 2.19 and 2.33 for the non-equivalent 
AsMe groups and a single doublet resonance at 0 2.40 for the PMe group. The IH NMR 
spectrum of the complex is shown in Figure 22. The 31p{ IH} NMR spectrum exhibited 
a broad resonance at 0 85.0. The phosphorus resonance. which is strongly affected by the 
cobalt quadrupole moment. is not resolved into a sharp line. even at -70 °C. 
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3.1.7 Crystal and molecular strycture of [OC-6-35-(RAs· ,Sp*)]-(±)-
dichloro{I-[(2-dimethylarsinophenyl)methylarsino]-2-[(2-aminophenyl)-
methylphosphino]benzene-As, As', N, P}cobalt(III) chloride dihydrate, 
cis-(±)-[COCI2{ (RAs· ,Sp·)-87} ]CI.2H20 
The molecular structure of the complex cis-[CoCI2 (RAs* ,Sp*)-87) ]C1.2H20 
was confIrmed from a single crystal X-ray structural analysis. The complex crystallises 
from aqueous ethanol as a dihydrate solvate in the form of orange-red platelets which 
lose 3/2 moles of water in vacuo at 80°C to give the very stable hemihydrate. Indeed, 
the complex can be recovered unchanged after two hours in refluxing 10 M hydrochloric 
acid. Complete decomposition of the complex was only achieved by digestion with aqua 
regia. 
The stereochemistry of the cation cis-(±)-[CoCI2( (RAs* ,Sp*)-87)]+ is shown 
in Figure 23. The complex cis-[CoCI2 {(RAs* ,Sp*)-87) ]C1.2H20 is a racemic 
compound with the 6-(RAs,Sp) and A-(S As,Rp) forms of the cation being present in the 
unit cell. Only the former is shown in Figure 23. It is clear from the structural data that 
the cis-a diastereomer has been formed exclusively and that the stereogenic phosphorus 
and arsenic donor atoms have opposite relative confIgurations. Furthermore, the data 
show that the coupling reaction between (±)-(2-aminophenyl)(2-chlorophenyl)methyl-
phosphine, (±)-73, and sodium (2-dimethylarsinophenyl)methylarsenide, 86, to form 
the quadridentate ligand, was completely stereoselective. 
Selected crystallographic data is given in Table 15 and selected bond angles and 
bond lengths around the metal centre are given in Table 16. 
The geometry is a slightly distorted octahedron. The atoms CI(1) and N lie at 
0.11 A and 0.22 A above and below, respectively, the plane defIned by the atoms As(l), 
As(2) and Co. The atom CI(2) lies at 0.31 A from the plane defIned by the atoms Co, P 
and N. The dihedral angle between these planes is 85.8°. 
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Figure 23 Stereochemistry of the cation cis-(±)-[CoCI2{(RAs* ,Sp*)-87}]+ 
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a = 9.261(2)A 
b = 12.129(1)A 
c = 12.397(1)A 
a. = 94.908(9)0 
~ = 97.84(1)0 
'Y = 94.34(1)0 
V = 1369.1(4)A3 
The Co-As bond lengths (2.31 A, 2.26 A) are not significantly different from 
those observed for the cobalt(III) complexes of the pentadentate ligands 
(RAs*,RAs*,Sp*)- and (RAs*,SAs*,Rp*)-88 whilst the Co-P bond length (2.17 A) is 
some 0.04 A shorter. The Co-N distance, 2.01 A, lies midway between the reported 
values of 1.96A for tris(1,2-diaminoethane)cobalt(lll) cations270 to 2.06 A for cations 
of the type [Co(en)n{NH2CH2CH2P(CH3hh-n]3+ [where en = 1, 2-diaminoethane and 
n = 0, 1 or 2].271 Furthermore, the chelate ring containing the phosphorus and nitrogen 
atoms has a P-Co-N angle, 86.10, a P-C(17) distance of 1.8 A and a N-C distance of 
1.46 A which agrees closely with values reported for the cobalt(ill) complexes of (2-
aminoethyl)diphenylphosphine and (±)-(2-aminoethyl)(n-butyl)phenylphosphine.261 
Table 16 Selected bond angles (0) and bond lengths (A) about the metal centre 
in the cation cis-[CoC12{(RAs*,Sp*)-87}]CI.2H20 
Bond An~l~s Bood Leo ~hths 
As( 1 )-Co-As(2) 86.07(8) CO-P 2.173(4) 
As(2)-Co-N 96.8(3) Co-N 2.008(10) 
As(l)-Co-P 100.4(1) Co-As(l) 2.311(2) 
As(2)-Co-P 87.0(1) Co-As(2) 2.258(2) 
As(l)-Co-N 173.0(3) Co-Cl(1) 2.279(4) 
As(l )-Co-CI(2) 85.7(1) Co-Cl(2) 2.296(4) 
As(l)-Co-CI(1) 88.5(1) As(l)-C(l) 1.89(1) 
As(2)-Co-CI(2) 85.8(1) As(1)-C(2) 1.91(1) 
As(2)-Co-CI(1 ) 173.9(1) As(1)-C(3) 1.93(1) 
CI(1)-Co-CL(2) 96.5(1) As(2)-C(9) 1.91(1) 
CI(1)-Co-N 88.9(3) As(2)-C(8) 1.90(1) 
CI(2)-Co-N 88.1(3) As(2)-C(1O) 1.94(1) 
CI(l)-Co-P 91.2(1) P-C(15) 1.81(1) 
P-Co-N 86.1(3) P-C(16) 1.79(1) 
P-Co-Cl(2) 170.2(2) P-C(17) 1.79(1) 
Co-As(2)-C(9) 121.4(4) N-C(22) 1.46(1) 
Co-As(2)-C(1O) 106.7(3) 
Co-As( 1 )-C(1) 116.8(4) 
Co-As(1)-C(2) 121.6(4) 






As( 1 )-C(3 )-C(8) 115.8(1) 
As(2)-C(8)-C(3) 117.0(9) 






3.1.8 Analysis of the coupling reaction 
It is clear that the coupling reaction between (±)-(2-aminophenyl)(2-
chlorophenyl)methylphosphine, (±)-73, and sodium (2-dimethylarsinophenyl)methyl-
arsenide, 86, produces a number of products, the relative proportions of which are 
dependent on the reaction conditions employed. The use of excess of the tertiary 
phosphine ligand, (±)-73, favours the formation of the quadridentate ligand, 
(RAs* ,Sp*)-87, over the pentadentate ligands (RAs* ,RAs* ,Sp*)- and 
(RAs*,SAs*,Rp*)-88 whilst elevated temperatures favours the formation of trans-
[CoCh(diarsh]CI and [CoChcPNh]CI over the coupled products. 
The quadridentate ligand, (RAs * ,Sp*)-87, was produced in a completely 
stereoselective manner with the stereo genic phosphorus and arsenic atoms having 
opposite relative configurations. The relative configurations of these two stereogenic 
centres were retained in the .two pentadentate ligands, (RAs* ,RAs* ,Sp*)- and 
(RAs*,SAs*,Rp*)-88; the second stereogenic arsenic atom present in these two ligands 
adopts a different relative configuration in the two diastereomers. Hence the formation of 
the two pentadentate ligands, (RAs* ,RAs* ,Sp*)- and (RAs* ,SAs* ,Rp*)-88, is 
completely regioselective. The diastereomeric pentadentate ligands can be envisaged as 
arising from replacement of either of the two diastereotopic NH protons of the 
quadridentate ligand by the (2-dimethylarsinophenyl)methylarsino moiety. The 
mechanism of this reaction is not known but it is clear that formation of the pentadentate 
ligands occurs prior to complexation to cobalt(III). The 31 P { 1 H} NMR spectrum of the 
crude product of the coupling reaction (before complexation) in d1-chloroform exhibited 
three major and two minor singlet resonances at 0 -42.8, -49.1, -49.6, -48.5 and -49.9. 
The major resonance at 0 -42.8 corresponds to (±)-(2-aminophenyl)methylphenyl-
phosphine, (±)-82, and the minor resonance at 0 -48.5 to the precursor ligand (±)-(2-
aminophenyl)(2-chlorophenyl)methylphosphine, (±)-73. The remaining two 
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major 31p resonances at 0 -49.1 and -49.6 were assigned to the diastereomeric 
pentadentate ligands, (RAs*,RAs*,Sp*)- and (RAs*,SAs*,Rp*)-88 and the remaining 
minor resonance at 0 -49.9 to the quadridentate ligand (RAs* ,Sp*)-87. The mass 
spectrum of the crude product also contained a molecular ion peak at 756 amu. [This 
corresponds to the pentadentate ligand in which the NH proton has undergone deuterium 
WeRE 
exchange with the NMR solvent. The mass spectral data ~ collected on an NMR 
sample of the crude product from the coupling reaction]. 
The quadridentate ligand, (RAs*,Sp*)-87, appears to be an intermediate in the 
formation of the pentadentate ligands, (RAs*,RAs*,Sp*)- and (RAs*,SAs*,Rp*)-88. 
When the ratio of the precursor teniary phosphine, (±)-73, to the arsenide, 86, is 
greater than or equal to ca 1.5 : 1 only minimal amounts of the pentadentate ligands were 
produced, but this increased markedly as a 1: 1 ratio of the two precursors was 
approached. Presumably, as the concentration of the arsenide, 86, was increased relative 
to that of the tertiary phosphine, (±)-73, competitive substitution of the chloro group of 
(±)-73 and. of the diastereotopic NH protons of (RAs* ,Sp*)-87 became feasible . 
Formation of an As-N bond in this manner does not appear to be documented in the 
literature. 
Imponantly, no evidence for the direct substitution of the NH protons in (±)-73 
n 
by the arsenide, 86, has been observed in this work.)I'&r indeed for attack on the amino 
group of (±)-82. Formation of an As-N bond has only been observed for one 2-
aminophenyl derivative, specifically the quadridentate ligand, (RAs*,Sp*)-87, with the 
isolation of (RAs*,RAs*,Sp*)- and (RAs*,SAs*,Rp*)-88 from the coupling reaction 
between (±)-73 and 86. 
The proposed reaction between quadridentate ligand (RAs* ,Sp*)-87 and 86 is 
shown in Scheme 28 and presumably involves substitution of a hydrido group by the 
arsenide reagent. The fate of the hydrido group is not known but it could, conceivably 
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effect reduction of the chioro moiety of (±)-73 to form (±)-(2-aminophenyl)-





(only one enantiomer of each chiral ligand is depicted) 
This, however, cannot be the only means of reducing (±)-73 to (±)-82. When 
the optimal conditions for the formation of (RAs*,Sp*)-87 were employed only minimal 
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quantities of the diastereomeric pentadentate ligands (RAs* ,RAs* ,Sp*)- and 
(RAs* ,S As* ,Rp*)-88 were isolated with the major products being (±)-82 and the 
diarsine, 78. Clearly hydride reduction of the chloro group of (±)-73 was not of 
significance here. An alternative explanation is reduction of the chloro group of (±)-73 
by sodium (2-dimethylarsinophenyl)methylarsenide, 86, in a similar manner to that 
found in the reaction of (±)-(2-chlorophenyl)methylphenylphosphine, (±)-75, with 
sodium dimethylarsenide (see Section 2.1.1, Equation 1). In this latter reaction, 
reduction of the chloro group was favoured at elevated temperatures, the sole products 
being methylphenylphosphine and tetramethyldiarsine when the reaction was carried out 
at 50 oc. In a similar manner reduction of the chloro group of (±)-73 by 86 would be 
expected to give (±)-(2-aminophenyl)methylphenylphosphine, (±)-82, and an arsenic 
containing species, for example, a (2-dimethylarsinophenyl)methylarsino radical or the 
coupled product, 89. Upon workup of the reaction the arsino radical would be converted 
to 89 or to the secondary arsine (±)-79. 
2 
89 
Unequivocal evidence for the existence of such an arsenic containing species 
could not be discerned in the IH NMR spectrum of the crude products from the coupling 
reaction prior to complexation to cobalt(III). Furthermore, the secondary arsine (±)-79 
was absent from the spectrum (no As-H resonance was evident). Mass spectral data for 
the crude reaction mixture does contain peaks of significant intensity at an amu value 
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corresponding to that for the molecular ion, 89, and the arsenic radical species. This, 
however, is not conclusive as both of these species, and particularly the latter, would be 
expected in the fragmentation patterns of the pentadentate ligands, (RAs* ,RAs* ,Sp*)-
and (RAs*,SAs*,Rp*)-88 and of the quadridentate (RAs*,Sp*)-87. However, strong 
evidence was found for the reduction of the chloro group of the related tertiary 
phosphine, (±)-(2-chlorophenyl)methylphenylphosphine, (±)-75, by the arsenide, 86, 
when a reaction involving these two species was carried out in tetrahydrofuran at 50 <>C, 
Scheme 29. The crude reaction product was a mixture of the diastereomers (RAs* ,Rp*)-
and (RAs* ,Sp*)-(±)-I-[(2-dimethylarsinophenyl)methylarsino]-2-(methylphenylphos-
phino)benzene, (RAs* ,Rp*)- and (RAs* ,Sp*)-90 (ca 60% yield), the reduction product 
diphenylmethylphosphine and small amounts of unreacted starting material, (±)-75. 
Therefore the reduction of the chloro group of (±)-73 by 86 would appear to be the 
most likely source of (±)-82 in the products from the coupling reaction. 
It is not inconceivable that a (2-dimethylarsinophenyl)methylarsino radical 
generated in this manner could react with the quadridentate ligand (RAs* ,Sp*)-87 to 
form the pentadentate ligands (RAs*,RAs*,Sp*)- and (RAs*,SAs*,Rp*)-88. This does 
not appear to occur, however, as the optimum conditions for the formation of 
(RAs* ,Sp*)-87 also lead to significant reduction of the chloro group in (±)-73 by 86. If 
this proposed mechanism was taking place no quadridentate ligand would have been 
isolated under these conditions, only the pentadentate ligands (RAs*,RAs*,Sp*)- and 
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(only one enantiomer of each chiral ligand is depicted) 
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The isolation of significant quantities of trans-[CoCI2(diarsh]CI from the 
coupling reaction is also not easily reconciled. Mass spectral data suggests that no diars , 
78, was present in the crude product from the coupling reaction prior to complexation to 
cobalt(ill) when pure 86 was used. The postulated As containing species arising from 
the reduction of the chloro group of (±)-73 by 86 appears to be the only possible 
precursor to diars, 78. No unreacted arsenide was present at the end of the coupling 
reaction (the reaction mixture, after final reflux, being essentially colourless). The only 
arsenic containing species present were the three chiral multidentate ligands (which all 
formed isolatable cobalt(Ill) complexes) and the unidentified product from the competing 
reduction step. Conversion of the (2-dimethylarsinophenyl)methylarsino radical or the 
coupled product, 89, (the proposed product of the reduction step), to diars , 78, 
necessarily involves a methylation step. Metal assisted methylation of the (2-
dimethylarsinophenyl)methylarsino moiety is postulated for the formation of diars in the 
reaction. There does not appear to be a literature precedent for this reaction but the 
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carbonylation of methanol, for example, is believed to involve transfer of a methyl group 
from methanol, via a Rh or Co complex, to a coordinated CO molecule.272 
Complexation of secondary arsine, (±)-79, to cobalt(III), under similar 
conditions to those used in the isolation step of the coupling reaction, gave trans-
[CoCI2(diarsh]CI and uncomplexed (2-dimethylarsinophenyl)methylarsinic acid as the 
major products. Clearly methylation of the secondary arsine has occurred under these 
reaction conditions. A third complex was also isolated from this reaction and was 
characterised by chemical analysis and IH NMR spectroscopy. The IH NMR spectrum 
of the complex (in <4-methanol) contained two singlet resonances at 0 1.60 and 2.50, 
respectively, and was consistent with the presence of a coordinated (2-
dimethylarsinophenyl)methylarsino moiety. These same resonances were also present, 
each and every time, in the residual material from the coupling reaction after 
complexation to cobalt(lIl) and separation of the major products. The compound is 
believed to be a cobalt(lIl) complex of the secondary arsine, (±)-79, or more likely, an 
arsenido-cobalt(lIl) complex (due to the enhanced acidity of the As-H proton upon 
coordination)273 and is more than likely to be an intermediate in the methylation step. 
3.2 Synthesis of the Optically Active Complexes [CoCI{[S-
(RAs* ,RAs* ,Sp*)]-88} ]CI2, [CoCI{[R-(RAs· ,SAs· ,Rp*)] -88}]-
C12, and cis-[CoCI2{[S-(RAs· ,Sp·)]-87} ]CI 
The synthesis of the optically active complexes, cis-[CoCI2 ([S-(RAs* ,Sp*)]-
87 }]CI, [CoCl ([S-(RAs* ,RAs* ,Sp*)]-88 }]C12 and [CoCI( [R-(RAs* ,SAs* ,Rp*)]-
88 }]C12 was sucessfully achieved via the coupling reaction between 1.5 equivalents of 
the optically active ligand (R)-73 (prepared as described in Section 2.2.2) and one 
equivalent of 86, followed by complexation to Co(IlI), Scheme 30. 
Scheme 30 Q-CI 
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[CoCI{[S-(R~, RAs * ,Sp *)]-88} ]C12 + [CoCI{[R - (RAs * ,SAs * ,Rp *)]-88} ]C1 2 
11 5 
+ cis-[ CoCI 2{[S-(RAs * ,Sp *)]-87} ]CI 
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The complexes were separated using ion-exchange chromatography and further 
purified by crystallisation from methanol / diethyl ether. The quadridentate complex cis-
(+)-[CoCl2{[S-(RAs*,Sp*)]-87}]Cl was isolated as dark red crystals: a. +1720 (589 
nm, c 0.266, methanol), a. +1650 (578 nm, c 0.266, methanol), a. -2550 (546 nm, c 
0.266, methanol) and a. +6080 (436 nm, c 0.266, methanol); the complex exhibits a 
reversal in the sign of rotation at A. = 546 nm. The pentadentate complex (+)-[CoCl([S-
(RAs*,RAs*,Sp*)]-88}]Cl2 was isolated as bright, orange-red crystals; a. +380 (589 
nm, c 0.440, methanol), a. +580 (578 nm, c 0.440, methanol), a. +1760 (546 nm, C 
0.440, methanol) and a. +1860 (436 nm, c 0.440, methanol) and the isomeric 
p~ntadentate complex (+)- [CoCl([R-(RAs*,SAs*,Rp*)1-88}]Cl2 as orange crystals: a. 
+ 1920 (589 nm, c 0.296, methanol) and a. +2330 (578 nm, c 0.296, methanol). The 
IH NMR and 31p( IH} NMR spectra of the optically active complexes were identical to 
those of the racemic diastereomers. 
The complex trans-[CoCI2(diarshlCl was again isolated in significant 
quantities. The complexes cis- and trans-[COCI2(PNh]CI were also present but were not 
isolated in a pure form. 
3.3 Cleavage of the As-N Bond of (RAs*,RAs*,Sp*)- or 
(RA s *, S A s * , R p * ) -8 8 
In view of the difficulties encountered in providing a high yielding synthetic 
route to the quadridentate ligand (RAs* ,Sp*)-87 via the coupling reaction between (±)-
73 and 86, an investigation was undertaken to convert the readily obtainable 
pentadentate ligands (RAs*,RAs*,Sp*)- or (RAs*,SAs*,Rp*)-88 into (RAs*,Sp*)-87. 
Two approaches have been investigated: cleavage of the As-N bond of the free ligand 
using potassium hydride and cyanolysis of the complex [CoCI (RAs* ,RAs* ,Sp*)-
88}]C12 
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3.3.1 Reaction of (RAs*,RAs*,Sp*)- / (RAs*,SAs*,Rp*)-88 with 
potassium hydride in benzene 
The crude products from a coupling reaction carried out using equimolar 
quantities of (±)-73 and 86 were reacted with an excess of potassium hydride in 
benzene at 50 0C for a period of 24 hours, followed by alkylation with excess 
iodomethane, Scheme 31. 
Scheme 31 
(i) KH I Benzene 
50 ± 5 °c 
24 hours 
(ii) Mel 
(only one enantiomer of each chiral is shown) 
(±)-91 
The reaction mixture, after alkylation, was found to consist mainly of the 
quaternary phosphonium salt, (±)-(2-aminophenyl)dimethyl {2- [(2-dimethylarsino-
phenyl)methylarsino]phenyl) phosphonium iodide, (±)-91, and 1,2-phenylenebis-
(dimethylarsine), 78. The quaternary phosphonium iodide, (±)-91, was purified by 
recrystallisation from dichloromethane. The IH NMR spectrum of the compound in d2-
dichloromethane exhibited three singlet resonances at 8 0.70, 0.90 and 1.13 for the non-
equivalent AsMe groups; a pair of doublet resonances at 8 2.74 and 2.98 (2JpH 13.2 and 
13.6 Hz, respectively) for the two PMe moieties, and a singlet resonance at 8 4.35 for 
the NH2 group. The 31p{ IH} NMR spectrum of the phosphonium salt in the same 
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solvent had a single phosphorus resonance at 0 17.4. Clearly reaction of 
(RAs* ,RAs* ,Sp*) I (RAs* ,SAs* ,Rp*)-88 with potassium hydride in hot benzene 
preferentially cleaved the As-N bond Hydrolysis, rather than methylation, of the reaction 
products may provide a viable synthetic route to (R*,S*)-87 providing the resulting 
secondary arsine, (±)-79, can be successfully removed prior to complexation to 
cobalt(ill). Failure to remove the secondary arsine, (±)-79, may lead to reformation of 
the pentadentate ligands. 
3.3.2 Cyanolysis of the complex (±)-[CoCl{(RAs* ,RAs* ,Sp*)-88})-
Ch.7H 20 
When an aqueous solution of the complex, (±)-[CoCI {(RAs* ,RAs* ,Sp*)-
88}] C12. 7H20, was treated with benzene I aqueous KCN and stirred at ambient 
temperature, a yellow microcrystalline salt was almost immediately precipitated from the 
solution. This was shown to be the dicyano complex of the quadridentate ligand, viz. (±)-
[Co(CNh {(RAs* ,Sp*)-87} ]CN, indicating that the As-N bond of the coordinated 
pentadentate ligand had been cleaved. The 1 H NMR spectrum of the complex (in <4-
methanol with ca 2% DCI) contained singlet resonances at 0 1.83, 2.05 and 2.37 for the 
non-equivalent AsMe groups and a doublet resonance at 0 2.76 (2JpH 11.0 Hz) for the 
PMe moiety. A resonance for the NH2 group was not detected in the IH NMR spectrum 
due, presumably, to rapid deuterium exchange with the solvent. When the IH NMR 
spectrum was run in dti-dimethylsulfoxide, however, a resonance at 0 5.73 for the amino 
protons was observed, as well as three singlet AsMe resonances at 0 1.71, 1.87 and 2.16 
and a doublet PMe resonance at 0 2.51 (2JpH 11.0 Hz). 
When the yellow dicyano complex was suspended in benzene I aq KCN and the 
mixture refluxed for 48 hours the quadridentate ligand, (±)-1-[ (2-dimethylarsinophenyl)-
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methylarsino]-2-[(2-aminophenyl)methylphosphino]benzene, (RAs* ,Sp*)-87, was 
liberated from the metal centre. The 1 H NMR spectrum of the liberated ligand (in <16-
benzene) had three singlet resonances at 0 0.86, 0.92, andl.18 for the non-equivalent 
AsMe groups and a doublet PMe resonance at 0 1.55 (2JpH 6.2 Hz). It was evident from 
the IH NMR spectrum, however, that some degree of epimerisation at the arsenic 
stereocentre had occurred and this was more clearly evidenced in the 31P{lH} NMR 
spectrum of the ligand, in the same solvent, which showed two phosphorus resonances at 
0-49.8 and -49.3 in the ratio ca 6: 1. Inversion at an arsenic stereocentre, under similar 
conditions, has previously been reported by Salem and Wild,273 in the cyanolysis of 
Fe(II) complexes containing optically active (R)-ethylmethylphenylarsine. 
3.4 Conclusion and Further Work 
The optically active forms of the unsymmetrical bidentate ligand (±)-l-
(dimethylarsino)-2-(methylphenylphosphino)benzene, (±)-74, are potential chiral 
auxiliaries in enantioselective catalysis. Such ligands with a dissimilar arrangement of 
donor atoms can exercise electronic control over coordinated substrates. Whilst 
unsymmetrical bidentate ligands containing arsenic and phosphorus atoms have long 
been known,236.274-276 few examples of optically active molecules of this type have 
been reported. The only documented examples of this type of ligand appear to be the 
four enantiomeric forms of (RAs* ,Rp*)- and (RAs* ,Sp*)-(±)-1-(methylphenylarsino)-2-
(methylphenylphosphino) benzene. 242 
Furthermore, the antipodes of (±)-74 could provide a viable synthetic route to 
optically active multidentate ligands containing arsenic and phosphorus stereocentres 
should a method for selective cleavage of a methyl group from the dimethylarsino moiety 
be successfully achieved. 
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In the past three years there has been an upsurge of interest in the use of related 
optically active unsymmetrical bidentate ligands containing phosphorus and nitrogen 
donor atoms in enantioselective catalysis. Noteworthy examples of such ligands that 
have been highly successful in this regard are the unsymmetrical tertiary phosphine (S)-
[l-(1-isoquinolyl)naphthyl]diphenylphosphine, and certain optically active 
oxazolyphosphines85,87 (see Section 1.2.3). The work described herein provides a 
high yielding synthetic route to a family of chiral unsymmetrical bidentate ligands 
containing phosphorus and nitrogen donor atoms, viz. (±)-(2-H2NC6H4)PRR' , the 
optically active antipodes of which are seen as potential chiral auxiliaries in 
enantioselective catalysis. 
The completely stereoselective synthesis of the quadridentate ligand 
(RAs * ,Sp*)-l-[ (2-dimethylarsinophenyl)methylarsino]-2-[ (2-aminophenyl)methy lphos-
phino]benzene, (±)-87, and the exclusive formation of the cis-a. complex of cobalt(III) 
augurs well for the role of the optically forms of the ligand as potential chiral auxiliaries 
in enantioselective synthesis. One substrate of particular interest is the glycinate ion. 
Organic chemists have had some success in the stereoselective replacement of one of the 
prochiral methylene protons in glycine to form optically active amino acids. By far the 
greatest potential of this aproach, however, has been realised in the Sargeson 
group277 ).78).79 where they have shown that a metal template can be used to aid attack at 
this methylene site. For example, they reported the stereospecific coordination of the N-
benzylglycinate ion in (A)-(R)-(N -benzylglycinato )bis( 1 ,2-diaminoethane )cobalt(III) 
chloride, 92, and the synthesis of (S)-(N-benzyl)-2-2H-glycinate ion with ca 80% 
optical purity. Furthermore, reaction of 92 with acetaldehyde in the presence of a base 
and di-n-butylboron triflate gave a 60: 40 mixture of two diastereomeric complexes of 
threonine. Higher selectivities in reactions of this type may be achieved, however, using 
an appropriately designed, optically active quadridentate ligand such as that detailed in 




The importance of optically active molecules of the type, 
H02CCH(NH2)CH(R)OH, is that they are precursors to optically active ~­
lactams.280.281 Since these form the basis of a multi-million dollar antibiotics industry 
much interest has been focused on these types of molecules. A major concern facing the 
antiobiotics industry, however, is the increased resistance of certain bacteria to many of 
the currently available products. Optically active ~lactams derived from unnatural amino 
acids could provide a solution to this ever increasing problem. In recent years much 
research has been directed towards the development of enantioselective synthesis of a-
amino acids and there has been an increasing interest in synthetic unnatural amino acids 
related to emerging therapeutic and biological possibilities.282 
Further work towards achieving "a higher yield of the quadridentate ligand, 
(RAs*,Sp*)-1-[(2-dimethylarsinophenyl)methylarsino]-2-[(2-arninophenyl)methylphos-
phino]benzene, (±)-87, from the coupling reaction between sodium (2-dimethyl-
arsinophenyl)methylarsenide, 86, and (±)-(2-aminophenyl)(2-chlorophenyl)methyl-
phosphine, (±)-73, needs, however, to be undertaken. It appears likely that this could 
be best achieved via synthesis of the isomeric pentadentate ligands, (RAs*,RAs*,Sp*)-
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and (RAs* ,SAs* ,Rp*)-5-amino-1.4,ll,14-tetraarsino-2,3,6,7 ,9,10, 12, 13-tetrahydro-
tetrabenzo-1,1 ,4,8,11,14, 14-heptamethyl-8-phosphinotetradecine, (RAs* ,RAs* ,Sp*)-
and (RAs* ,SAs* ,Rp*)-88, which are formed in relatively high yield and subsequent 
cleavage of the As-N bond to give the quadridentate ligand, prior to complexation to 
cobalt(lll). Cyanolysis of the cobalt(ill) complexes of the pentadentate ligands to give a 
dicyano complex of the quadridentate ligand is not a feasible alternative. The two cyano 
ligands cannot be further substituted without decomplexation of the quadridentate ligand 
and concomitant epimerisation of the stereogenic arsenic centre. 
The mechanism of the coupling reaction , panicularly the formation of 
bis(ditertiary arsine), should be further investigated and the formation of different 
isomeric cobalt(III) complexes of the bidentate ligand, (±)-(2-aminophenyl)-
methylphenylphosphine, under differing reaction conditions is of intrinsic interest and 





Reactions involving air-sensitive compounds were performed under a positive 
pressure of argon or nitrogen using Schlenk techniques. All solvents were freshly 
distilled under argon prior to use. Diethyl ether and tetrahydrofuran were distilled over 
sodium wire using benzophenone ketyl as indicator. Anhydrous l,4-dioxane was 
obtained from the Aldrich Chemical Company and was used without further treatment. 
Benzene was pre-dried over calcium hydride prior to distillation. 1,2-Dichlorobenzene 
and 2-chloroaniline were dried over calcium hydride, distilled under reduced pressure of 
argon (10 rnm Hg), and stored under argon over molecular sieves. Anhydrous 
nickel(ll) chloride was prepared by heating hexaaquanickel(II) chloride at 140 °c under 
reduced pressure (5 rnm Hg) for 72 hours immediately prior to use. All other reagents 
used were of analytical grade and were used without further purification. 
Th.e optically active primary amine and palladium(II) chloride used in the 
preparation of the resolving agent, (-)-di-Il-chlorobis {(R)-[l-(dimethylamino)ethyl]-
naphthyl-C2,N}dipalladium(II), (R)-84, were obtained from the Aldrich Chemical 
Company. The resolving agent, (+)-di-Il-chlorobis {(S)-2-[1-(dimethylamino)ethyl]-
phenyl-Cl,N} dipalladium(II) , (S)-67, had been previously prepared.218 Small 
quantities of (S)-84 and (R)-67 were obtained from Dr. Bruce Wild's group within the 
Research School of Chemistry. 
NMR solvents were deoxygenated using three repetitive cycles involving 
solidification in liquid nitrogen, evacuation to 0.05 mm Hg and subsequent liquefaction 
under argon. The solvents were subsequently stored at 0 °c under argon. D4-methanol, 
used primarily as the solvent for NMR spectra of Co(m) complexes, was generally 
collected after use and recovered by fractional distillation, under argon, using a Claisen 
head fitted with a 150 mrn Vigreux column. 
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NMR spectra were obtained using a Varian Gemini 300 spectrometer (lH at 300 
MHz and 31p(lH} at 121.5 MHz). All chemical shift (0) values are reported in ppm. 
IH NMR chemical shift values are reported relative to tetramethylsilane as the 
internal standard and 31p{lH} NMR chemical shift values are referenced relative to 
external 85% H3P04. 
IR spectra (KBr discs) were recorded in the range 4()()()-4oo cm-1 on a Perkin 
Elmer 1600 series Fourier Transform Infrared Spectrophotometer and UV / vis spectra 
on a Cary 5 Spectrophotometer in 1 cm cuvettes. 
Mass spectra were recorded with a VG Micromass 7070 F (70 ev) 
spectrometer. 
Optical rotations were measured on the specified solutions in a Idm cell at 20 
0C ( unless otherwise indicated) using an Optical Activity AA 10 or a Perkin Elmer 
Model 241 polarimeter. 
All elemental chemical analyses were carried out by the micro-analytical 
laboratory within the Research School of Chemistry. 
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4.2 Synthetic Procedures 
#1. Dimethyliodoarsine was prepared by a modified literature procedure.I57.283 
The sodium salt of dimethylarsinic acid, (CH3hAs(O)ONa.3H20 (200 g, 1.0987 mol), 
was dissolved in water (1000 mL). Potassium iodide (320 g, 1.928 mol) was added 
and the mixture stirred until all the salts had dissolved. Hydrochloric acid (400 mL, 10 
M) was added slowly with vigorous stirring. The reaction mixture was transferred to a 
2000 mL reaction vessel equipped with a gas bubbler and a base take-off tap. Sulfur 
dioxide gas was bubbled slowly through the acidified solution ca 25/30 mL min-I). 
Hydrochloric acid (350 rnL, 10 M) was added continuously at ca 25 rnL min- I during 
the reaction. When the product, dimethyliodoarsine, began to form as heavy, oily-red 
globules, which settled rapidly to the bottom of the reaction vessel, it was taken off at a 
rate about equal to its rate of formation. Addition of sulfur dioxide was continued until 
the reaction mixture just began to turn a turbid yellow (formation of free sulfur). Crude 
dimethyliodoarsine still remaining in the reaction vessel at this point was filtered to 
remove free sulfur before addition to the bulk of the product. Water (250 mL), 
containing a few crystals of sodium thiosulfate, to remove free iodine, was added to the 
crude product which was then extracted with dichloromethane (3 x 100 rnL). The 
combined organic extracts were dried (MgS04), filtered and the solvent distilled off 
under N2 at atmospheric pressure. Fractional distillation under reduced pressure, using 
a 100 mm Vigreux column, gave the product as a clear, pale yellow oil, b.p. 42 °C (5 
mm Hg). Yield: 234 g, 92%. [The dimethyliodoarsine is light sensitive and is best 
stored, under argon, in a dark environment.] 
#2. Methylphenylphosphine was prepared by a modified literature procedure. Ill 
Ammonia (1400 mL) was condensed onto triphenylphosphine (180 g, 0.6862 mol) in a 
2000 mL Schlenk flask. Sodium foil (31.6 g, 1.374 mol) was added piecewise. The 
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reaction mixture was stirred for approximately two hours to yield a deep red coloured 
solution. Methyl bromide was condensed slowly into the reaction vessel until a white 
suspension was obtained. More sodium foil (31.6 g, 1.374 mol) was added piecewise 
and the reaction mixture stirred vigorously for a further three hours. Ammonium 
chloride (50 g) was added to the reaction mixture to give a colourless suspension. The 
reaction was allowed to come slowly to ambient temperature and left overnight, in a 
stream of nitrogen, to allow evaporation of the ammonia. Water (450 mL) was added 
and the resulting solution extracted with dichloromethane (3 x 100 mL). The combined 
organic phases were dried (MgS04), filtered and the solvent distilled off at one 
atmosphere under argon. Fractional distillation, under reduced pressure, using a 100 
mm Vigreux column fitted with a Claisen head, yielded the product as a clear viscous 
oil, b.p. 48-52 OC, 5 mm Hg. Yield: 68.6 g, 80%. IH NMR (ci6-benzene): 0 1.08 (d 
of d, 3 H, 2JpH 3.9 Hz, 3JHH 7.68 Hz, PHMe), 4.11 (d of q, 1 H, IJpH 204.5 Hz, 
3JHH 7.68 Hz, PHMe), 7.00-7.42 (m, 5 H, aromatics). 31P{ IH} NMR (ci6-benzene): 0 
-70.0 (s, I P). 
#3. (±)-1-Cbloro-2-(metbylpbenylpbosphino) benzene, (±)-7 S, was prepared 
using an established literature method.242 Methylphenylphosphine (60.0 g, 0.4834 
mol) was dissolved in tetrahydrofuran (500 mL) and cooled to 0 0c. Sodium foil 
(11.12 g, 0.4834mol) was added piecewise over a period of ca 30 minutes. The 
reaction mixture was brought slowly to the ambient temperature and left stirring for two 
hours after which it was refluxed for 30 minutes. To a solution containing an excess of 
1, 2-dichlorobenzene (78.0 g, 0.5306 mol) in tetrahydrofuran (200 mL) at -78°C, the 
filtered sodium methylphenylphosphide solution was added dropwise. The reaction 
mixture was allowed to come slowly to ambient temperature and left to stir overnight. 
The solvent was distilled off under argon and water (200 mL) was added to dissolve the 
suspended salts. The aqueous solution was extracted with dichloromethane (3 x 80 mL). 
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The combined organic phases were dried (MgS04), filtered and the solvent distilled off 
under argon. Fractional distillation, under reduced pressure, using a 150 mm Vigreux 
column fitted with a Claisen head, yielded the pure product as a clear, colourless, 
viscous oil , b.p. 108 ± 2 0c, 0.03 mm Hg. Yield: 95.8 g, 84%. Anal. calcd for 
C13H12PCI: C, 66.54; H, 5.15. Found: C, 66.42: H, 5.28. IH NMR (dl-chloroform): 
o 1.58 (d, 3 H, 2JpH 4.65 Hz, PMe), 7.08-7.44 (m, 9 H, aromatics). 3lp PH} 
NMR (dl-chloroform): 0 -30.88 (s, 1 P). m/e 235 (M)+, 200 (M-CI)+. 
#4. Reaction of sodium dimethylarsenide and (±)-1-chloro-2-(methyl-
phenylphosphino)benzene, (±)-75 in refluxing tetrahydrofuran. 
Dimethyliodoarsine (5.90 g, 0.0254 mol) was dissolved in tetrahydrofuran (100 mL) at 
ambient temperature and sodium foil (1.170 g, 0.0509 mol) added and the mixture left 
to stir for 8 h. The sodium dimethylarsenide solution was filtered and added dropwise 
to a solution of (±)-I-chloro~2-(methylphenylphosphino)benzene, (±)-75, (5.97 g, 
0.0254 mol) in tetrahydrofuran (150 mL). The mixture was refluxed overnight to give 
a dark-brown turbid solution. The reaction mixture was then cooled to room 
temperature and ammonium chloride (35 g) added followed by the dropwise addition of 
water (50 mL). Further water (100 mL) was added and the solution extracted with 
diethyl ether (3 x 50 mL). The combined extracts were dried (MgS04), flltered and the 
solvent removed. The residual orange-red oil was fractionally distilled under reduced 
pressure using a 150 mm Vigreux column. Three fractions were collected. Fraction 1 
(boiling range 40-60 oc, 0.04 mm Hg; yield 2.0 g) was collected in a receiver cooled 
to -78 °c and consisted almost entirely of tetramethyldiarsine. Fraction 2 (boiling range 
80-110 oc, 0.04 mm Hg; yield 3.8 g, 75%) was almost pure diphenyl-
methylphosphine. IH NMR (dl-chloroform): 0 1.54 (d, 3 H, 2JpH 3.66 Hz, PMe), 
7.10-7.40 (m, 10 H, aromatics). 31p(lH} NMR (dl-chloroform): 0 -26.1 (s,1 P). MS: 
m/e 200. 1 (M)+, 185 (M-Me)+. Fraction 1 (boiling range 110-140 oc, 0.04 mm Hg, 
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yield 0.4 g, 7%), consisted mainly of unreacted starting material, (±)-7S, and a small 
amount « 5%) of the target molecule, (±)-I-(dimethylarsino)-2-(methylphenyl-
phosphino)benzene, (±)-74. The remaining residues after distillation appeared to be 
oligomeric and were not further investigated. 
# 5. Preparation of (±)-l-( dimethylarsino )-2-(metbylpbenyl pbospbino)-
benzene, (±)-74. Dimethyliodoarsine (49.3 g, 0.2126 mol) was dissolved in 
tetrahydrofuran (400 mL) and the solution cooled to 0 oe. Sodium foil (9.78 g, 0.4252 
mol) was added piecewise, with vigorous stirring, over a period of 1 h. The solution 
was allowed to stir for a further 2 h. The solution of sodium dimethyl arsenide was 
filtered and added dropwise to a solution of (±)-I-chloro-2-(methyl-
phenylphosphino)benzene, (±)-7S, (50 g, 0.2130 mol) in tetrahydrofuran (200 mL) at 
-780C over a period of 1 h. The reaction mixture was held at a temperature of -20 ± 5 
0C for a period of 48 h. The solvent was distilled off under an atmosphere of argon. 
Water (200 mL) was added and the aqueous phase extracted with dichloromethane (3 x 
80 mL). The combined organic extracts were dried (MgS04), filtered and the solvent 
distilled off under argon to give a clear red liquid. Fractional distillation at reduced 
pressure gave two fractions: fraction 1, (b.p. 30-110 oC, 0.08 mm Hg) [this fraction 
contained tetramethyldiarsine, diphenylmethylphosphine and methylphenylphosphine] , 
and fraction 2, (b.p. 120-135 oC, 0.05 mm Hg) [this consisted of starting material (±)-
75 and product (±)-74 in a molar ratio of ca 5: 4]. Separation of (±)-7S and (±)-74 
was achieved by dissolution of the mixture in acetone (50 mL) and addition of a 
solution of hexaquanickel(II) perchlorate (25g, 0.068 mol) in acetone (20 mL). The 
resulting orange brown precipitate of Ni(II) salts which fonned after a few minutes 
stirring was collected and washed with diethyl ether and dried in vacuo (yield 21 g). 
The ether washings and the mother liquor were combined and the solvents removed. 
The viscous dark brown residue was extracted in refluxing diethyl ether (3 x 50 mL) . 
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The combined extracts were dried (MgS04), flltered and the diethyl ether removed 
under vacuum. The remaining viscous liquid was fractionally distilled to give pure 
starting material, (±)-75, as a clear viscous oil, b.p. 126 - 128 oC, 0.05 mm Hg. 
Yield: 16.4 g, 33%. IH NMR (dl-chloroform): 01.58 (d, 3 H, 2JpH 4.65 Hz, PMe), 
7.08 - 7.44 (m, 9 H, aromatics). 31p{lH} NMR (dl-chloroform): 0 -30.88 (s,l P). 
The residue from the diethyl ether extraction was taken up in hot dichloromethane (50 
mL), washed with water (2 x 50 mL) and the organic phase separated, dried (MgS04), 
flltered and the solvent removed under vacuum. The residue was redissolved in acetone 
(20 mL) and again treated with a solution of [Ni(H20)6](004h (25g, 68.4 mmol) in 
the same solvent to give a further crop of the Ni(II) complex (10.5 g, total yield 50% 
based on a 67% conversion of (±)-75, m.p. 250 °C (dec.); Anal. calcd for 
C3oH36As2P2NiCI20g: C, 41.61; H, 4.19. Found: C, 42.00; H, 4.10. 
The nickel(II) complex (31.5 g, 0.0364 mol) was taken up in dichloromethane 
(100 mL) and potassium cyanide (50 g, 0.7678 mol) in deoxygenated water (200 mL) 
was added. The reaction mixture was vigorously stirred for 24 h at the ambient . 
temperature. The phases were separated and the aqueous phase extracted with 
dichloromethane (3 x 50 mL). The combined organic phases were dried (MgS04), 
flltered and the solvent removed by distillation under argon. Distillation of the crude 
product, under reduced pressure, gave the asymmetric bidentate ligand, (±)-l-
(dimethylarsino)-2-(methylphenylphosphino)benzene, (±)-74, as a clear viscous oil, 
b.p. 130 ± 2 oC, 0.05 mm Hg. Yield: 21.3 g, 96%. Anal. calcd for CISH18AsP: C, 
59.23; H, 5.96; P, 10.18. Found: C, 59.20; H, 6.09; P, 10.42. IH NMR (dl-
chloroform): 0 1.05 (s, 3 H, AsMe), 1.22 (s, 3 H, AsMe), 1.60 (d, 3 H, 2JpH 4.10 
Hz, PMe), 7.23-7.52 (m, 9 H, aromatics). 31p(lH} NMR (dl-chloroform): 0 -34 
(s, 1 P). IH NMR (~-benzene): 00.98 (s, 3 H, AsMe), 1.10 (s, 3 H, AsMe), 1.42 
(d, 3 H, 2JpH 4.38 Hz, PMe), 7.00-7.42 (m, 9 H, aromatics). 31p{ IH} NMR (~­
benzene): 0 -34.1 (s, 1P). rn/e 304 (M)+' 199 (M-AsMe2)+· 
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#6. Resolution of (±).1.(dimethylarsino).2.(methylphenylphosphino)-
benzene, (±).74. Formation of internally diastereomeric complexes, [SP-
4.4.(R),(S)]· and [SP.4.4·(S),(S)].{[2.( dimethylamino )ethyl] phenyl-
C 1 ,N} [l·(dimethylarsino ).2.(methyl phenyl pbospbino) benzene·As,P]. 
palladium(II) hexafluorophospbate, (R,S)· and (S,8)-76. Isolation of 
(8,8)·76. (±)-1-(Dimethylarsino)-2-(methylphenylphosphino)benzene, (±)-74, (4.96 
g, 16.3 mmol) and (+ )-di-Il-chloro-bis{ (S)-2-[1-(dimethylamino)ethyl]phenyl-Cl,N)-
dipalladium(II), (S)-67, (4.728 g, 8.15 mmol) were suspended in deoxygenated 
methanol (80 mL) and stirred for 1 h. The resulting, pale yellow solution was flltered 
and a solution of ammonium hexafluorophosphate (0.664 g, 4.07 mmol) in water (5 
mL) added dropwise. Further water (20 mL) was added and the mixture was left stirring 
overnight. The resulting white crystalline precipitate was collected, washed with 
methanol/water (4: 1, 10 mL), methanol (10 mL), diethyl ether (10 mL), and dried in 
vacuo (25 oc, 5 mm Hg, 24 h). Yield: 3.67 g, 32%. (l +1680 (598 nm, c 0.583, 
acetone). The diastereomericaily enriched mixture was dissolved in dichloromethane (50 
mL) and 2-propanol (25 mL) was added. Fine colourless needles of pure (S,S)-76 
appeared on standing overnight. These were collected, washed with chloroform (5 mL) 
• 
and diethyl ether (20 mL), and dried in vacuo (25 °c, 5 mm Hg, 24 h), m.p. 214 °c 
(decomp.). Yield: 3.40 g, 93%. (l +1820 (598 nm, c 0.920, acetone). Anal. calcd for 
C2SH32NAsPdP2F6: C,42.67; H,4.58; N, 1.99; P, 8.80. Found C, 42.64; H, 
4.60; N, 1.96; P, 8.81. IH NMR (d2-dichloromethane): 0 1.59 (d, 3 H, 3JHH 6.5 
Hz, CHMe), 1.84 (s, 3 H, AsMe), 1.85 (s, 3 H, AsMe), 2.25 (d, 3 H, 2JpH 10.0 
Hz, PMe), 2.90 (d, 3 H 4JpH 3.0 Hz, NMe),3.1O (d, 3 H, 4JpH 2.6 Hz, NMe), 
4.19 (m, 1 H, CHMe), 6.80-7.90 (m, 13 H, aromatics) . 31p(1H} NMR (d2-
dichloromethane): 042.81 (s, 1 P). 
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#7. Formation and isolation of [SP-4-4-(R),(R)]-{[2-(dimethylamino)-
ethyl]phenyl-C 1,N}[1-(dimethylarsino)-2-(methylphenylphosphino)-
benzene-As,P]palladium(II) hexafluorophosphate, (R,R)-76. To the 
original mother liquor from the isolation of (S,S)-76 was added a solution containing 
excess ammonium hexafluorophosphate (1.34 g, 8.22 mmol) in water (10 mL). The 
resulting white precipate was filtered off, washed with methanol/water (4: 1,20 mL), 
methanol (5 mL), diethyl ether (5 mL) and dried in vacuo (25 oC, 5 mm Hg, 24 h). 
Yield: 6.27 g, 55%. a +300 (598 nm, c 0.980, acetone). The crude (R,S)-76 (5.0 g, 
7.10 mmol) was heated for 15 minutes in acetone (80 mL) containing hydrochloric acid 
(8 mL, 10 M) to yield a pale yellow precipitate. The mixture was cooled in ice and the 
precipitate collected, washed with acetone (20 mL), acetone / water (1 : 1, 10 mL) and 
diethyl ether (20 mL), and dried in vacuo (25 oC, 5 mm Hg, 24 h). Yield: 3.23 g, 94%. 
The crude dichloropalladium(II) complex (R)-77 (3.23 g, 6.70 mmol) was dissolved in 
dichloromethane (100 mL) and potassium cyanide (5.0 g, 0.0768 mol) in water (40 
mL) was added. Once decolourisation of the organic phase had occurred the phases 
were separated and the aqueous phase extracted with dichloromethane (3 x 30 mL). The 
combined organic extracts were dried (MgS04), filtered and the solvent removed under 
reduced pressure to give crude (S)-74. Yield: 2.0 g, 93%. The crude free ligand (S)-
74 (2.0 g, 6.58 mmol) and the chloro-bridged dimer (R)-67 (1.91 g, 3.30 mmol) were 
suspended in methanol (60 mL) and the mixture stirred for one hour. The solution was 
filtered and ammonium hexafluorophosphate (0.268 g, 1.65 mmol) in water (5 mL) 
was added dropwise, followed by more water (15 mL). The resulting white precipitate 
was collected, washed with methanol/water (4 : 1, 5 mL), methanol (5 mL), diethyl 
ether (5 mL) and dried in vacuo. Yield: 0.90 g, 20%. a -1780 (589 nm, c 0.80, 
acetone). Excess ammonium hexafluorophosphate (0.52 g, 0.0032 mol) in water (5 
mL) was added to the filtrate to give more crude (R,R)-76. Yield: 1.70 g, 37%. a-
1170 (589 nm, c 0.60, acetone). Addition of further water (60 mL) to the filtrate yielded 
a further crop of crude (R,R)-76. Yield: 1.5 g, 32%. a-50 (589 nm, c 0.80, acetone). 
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The second crop of the crude (R,R)-76 (1.70 g) was twice recrystallised from 
dichloromethane / 2-propanol to give (R,R)-76 as colourless plates. Yield: 1.07 g, 
63%. ex. -1800 (589 nm, c 0.80, acetone). This was combined with the first crop of 
crude (R,R)-76 (0.90 g) and the complex (1 .97 g) recrystallised from dichloromethane 
/2-propanol to give pure (R,R)-76, m.p. 214 0C (decomp.). Yield: 1.86 g, 94%. ex.-
1820 (589 nm, c 0.90, acetone). Anal. calcd for C2SH32NAsP2PdF6: C,42.67; H, 
4.58; N, 1.99. Found: C,42.40; H, 4.48; N, 1.96. IH NMR (d2-dichloromethane) 
and 31p{lH} NMR (d2-dichloromethane) were identical to those obtained for the 
enantiomeric complex (S,S)-76. 
#s. Preparation of [8P-4-3-(8) ]-dichloro[l-( dimethylarsino )-2-(methyl-
phenylphosphino)benzene-As,P]palladium(II), (8)-77. Diastereomerically 
pure (S,S)-76 (2.17 g, 3.08 mmol) was heated for 20 minutes in acetone (20 mL) 
containing hydrochloric acid (10 M, 5 mL). The resulting pale yellow precipitate was 
collected, washed with acetone (5 mL), acetone / water (1 : 1,5 mL) and diethyl ether 
(5 mL), and dried in vacuo (25 oC, 5 mm Hg, 24 h), m.p. 278 oc. Yield: 1.30 g, 88%. 
ex. -310 (589 nm, c 0.97, dichloromethane). Anal. calcd for ClsH18AsCI2PdP: C, 
37.42; H, 3.77. Found: C, 37.0; H, 3.70. IH NMR (d2-dichloromethane): 0 1.97 (s, 
3 H, AsMe), 2.06 (s, 3 H, AsMe), 2.38 (d, 3H, 2JpH 12Hz, PMe), 7.45-7.86 (m, 9H, 
aromatics). 31p{lH} NMR (d2-dichloromethane): 060.5 (s, 1 P). 
#9 Preparation of [8P-4-3-(R)]-dichloro[1-(dimethylarsino)-2-(methyl-
phenylphosphino)benzene-As,P]palladium(II), (R)-77. The complex (R)-77 
was prepared in the same way as its enantiomer, except using diastereomerically pure 
(R,R)-76 (1.55 g, 2.20 mmol) m.p. 276-278 oc. Yield: 0.90 g, 85%. ex. +310 (589 
nm, c 0.80, dichloromethane). Anal. calcd for ClsH18AsCI2PdP: C, 37.42; H, 3.77. 
Found: C, 37.38; H, 3.70. IH NMR (d2-dichloromethane) and 31p(lH} NMR (d2-
dichloromethane) were identical to those obtained for the enantiomeric complex (S)-77. 
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#10. Preparation of (R)-1-(dimethylarsino)-2-(methylphenylphosphino)-
benzene, (R)-74. A solution of potassium cyanide (2.0 g, 0.0307 mol) in water (20 
mL) was added to a solution of the dichloropalladium(ll) complex (S)-77 (1.30 g, 2.70 
mmol) in dichloromethane (50 mL) and the mixture stirred vigorously for 2 h. The 
organic phase was separated and the aqueous phase extracted with dichloromethane (3 x 
20 mL). The combined organic phases were dried (MgS04), fIltered and the solvent 
removed under reduced pressure to give pure (R)-74. Yield: 0.68 g, 83%. a +320 (589 
nm, c 0.80, dichloromethane). IH NMR (d2-dichloromethane): 0 1.04 (s, 3 H, 
AsMe), 1.22 (s, 3 H, AsMe), 1.59 (d, 3 H, 2JpH 4.30 Hz, PMe), 7.23-7.52 (m, 9 H, 
aromatics). 31p{ IH} NMR (d2-dichloromethane): 0 -34 (s, 1 P). 
#11. Preparation of (8)-1-(dimethylarsino)-2-(methylphenylphosphino)-
benzene, (8)-74. The (S) enantiomer was prepared in the same manner from (R)-77 
(0.80 g, 1.66 mmol). Yield: 0.50 g, 98%. a -320 (589 nm, c 0.82, dichloromethane). 
IH NMR (d2-dichloromethane) and 31p(lH} NMR (d2-dichloromethane) were 
identical to those obtained for the enantiomer (R)-74. 
#12. Preparation of [8P-4-4-(R),(8)]-{[2-(dimethylamino)ethyl]phenyl-
C 1 ,N} [1- (dimethylarsino )-2-(methyl phenyl phosphino) benzene-As,P]-
palladium(II) hexafluorophosphate, (R,8)-76. Pure (S)-74 (0.34 g, 1.12 
mmol) and (S)-67 (0.32 g, 0.552 mmol) were suspended in deoxygenated methanol 
(40 mL) and the mixture stirred for one hour. The resulting solution was flltered and a 
solution of ammonium hexafluorophosphate (0.36 g, 2.20 mmol) in water (3 mL) 
added dropwise. Further water (10 mL) was added and the mixture was left stirring 
overnight. The resulting white crystalline precipitate was collected, washed with 
methanol/water (4: 1,5 mL), methanol (2 mL) and diethyl ether (5 mL) and dried in 
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vacuo. (25 oC, 5 mm Hg, 24 h), m.p. 210 °C (decomp.). Yield: 0.58 g, 74%, (l -380 
(589 nm, c 0.53, dichloromethane). Anal. calcd for C2SH32NAsPdP2F6: C,42.67; 
H, 4.58; N, 1.99. Found: C,42.60; H, 4.60; N, 1.96. IH NMR (d2-dichloro-
methane): 0 1.76 (d, 3 H, 3JHH 6.4 Hz, CHMe), 1.82 (s, 3 H, AsMe), 1.88 (s, 3 
H, AsMe), 2.23 (d, 3 H, 2JpH 10.3 Hz, PMe), 2.89 (d, 3 H, 4JpH 1.84 Hz, NMe), 
3.14 (d, 3 H, 4JpH 3.9 Hz, NMe), 3.72 (m, 1 H, CHMe), 6.62-7.90 (m, 13 H, 
aromatics). 31p(1H} NMR (d2-dichloromethane): 044.81 (s, 1 P). 
#13. Chemoselective cleavage reactions of (±)-I-(dimethylarsino)-2-
(methylphenylphosphino) benzene, (±)-74. 
I. Reaction with sodium metal in liquid ammonia. Ammonia (500 
mL) was condensed into a 1000 mL Schlenk flask and (±)-I-(dimethylarsino)-2-
(methylphenylphosphino)benzene, (±)-74, (6.09 g, 0.020 mol) in tetrahydrofuran (50 
mL) was added. Sodium foil (0.93 g, 0.040 mol) was added piecewise over a period of 
4 h. When the addition of sodium metal was complete the deep red solution was left to 
stir for a further 4 h. Saturated, aqueous ammonium chloride solution (50 mL) was 
added dropwise and the now colourless solution allowed to warm to the ambient 
temperature and left overnight to evaporate the ammonia. The remaining solvent was 
distilled off under argon and water (150 mL) was added. The resulting clear solution 
was extracted with diethyl ether (3 x 80 mL). The combined extracts were dried 
(MgS04), filtered and the solvent removed to give a clear, pale yellow oil. 1 H NMR 
(dl-chloroform) spectrum of the crude product indicated a complex mixture with at least 
five major components. 
Fractional distillation under reduced pressure, using a 100 mm Vigreux column 
fitted with a Claisen head, gave three fractions. Fraction 1 (3.0 g), b.p. 30-80 oC, 0.05 
mm Hg; a mixture of tetramethyldiarsine, phenyldimethylarsine, methylphenylphos-
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phine and phenyldimethylphosphine which could not be funher separated. Fraction 2, 
b.p. 90-100 oC, 0.05 mm Hg, (±)-l-(dimethylarsino )-2-(methylphosphino )benzene. 
Yield: 0.40 g, 8.8%. IH NMR (dl-chloroform): 0 1.20 (s, 3 H, AsMe), 1.22 (s, 3 H, 
AsMe), 1.40 (d of d, 3 H, 2JpH 2.76 Hz, 3JHH 7.68 Hz, PMeH), 4.36 (d of q, 1 H, 
3JHH 7.74 Hz, IJpH 209.5 Hz, PMeH), 7.21-7.72 (m, 4 H, aromatics). 31p{ IH} 
NMR(dl-chloroform): 0 -71.6 (s, 1P). m/e 228 (M)+, 227 (M-H)+, 213 (M-Me)+. 
Fraction 1 (2.6 g), b.p. 115-140 oC, 0.05 mm Hg; a mixture of (±)-1-
(dimethylarsino )-2-(methylphenylphosphino )benzene, (±)-74, (±)-I-(methylarsino )-2-
(methylphenylphosphino)benzene and at least two other unidentified compounds. 
Funher separation of this mixture was not attempted. 
2. Reaction with potassium metal in liquid ammonia. Ammonia (100 mL) 
was condensed onto (±)-1-(dimethylarsino)-2-(methylphenylphosphino)benzene, (±)-
74, (1.70 g, 5.59 mmol) in a 500 mL Schlenk flask. Potassium metal (0.44 g, 11.3 
mmol) was added and the reaction mixture was stirred for 4 h. Saturated, aqueous 
ammonium chloride solution (25 mL) was added dropwise to the deep orange solution 
which became colourless. The mixture was allowed to warm to the ambient temperature 
and left overnight to evaporate the ammonia. Water (50 mL) was added and the aqueous 
solution extracted with diethyl ether (3 x 50 mL). The combined organic extracts were 
dried (MgS04), filtered and the solvent removed to give a clear, pale amber oil (1.45 g); 
a mixture of (±)-I-(dimethylarsino)-2-(methylphenylphosphino)benzene, (±)-74, and 
(±)-I-(dimethylarsino)-2-(methylphosphino)benzene « 5%). IH NMR (d(;-benzene): 0 
0.98 (s, 3 H, AsMe, major), 1.02 (s, 3 H, AsMe, minor), 1.05 (s, 3 H, AsMe, minor), 
1.10 (s, 3 H, AsMe, major), 1.42 (d, 3 H, 2JpH 4.30 Hz, PMe, major), 1.20 (d of d, 3 
H, 2JpH 3.86 Hz, 3JHH 7.50 Hz, PHMe, minor), 4.38 (d of q, 1 H, IJpH 208.5 Hz, 
3JHH 7.50 Hz, PHMe, minor), 7.02-7.39 (m, 13 H, aromatics). 31p{ IH} NMR (d6-
benzene): 0 -34.05 (s, 1 P, major), -72.0 (s, 1 P, minor). m/e 305 (M)+, 228 (M)+. 
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3. Reaction with lithium metal in tetrahydrofuran. (±)-l-(Dimethylarsino)-
2-(methylphenylphosphino)benzene, (±)-74, (5.78 g, 0.019 mol) was dissolved in 
tetrahydrofuran (120 mL) and lithium wire (0.26 g, 0.038 mol) was added. The 
reaction mixture was stirred for 24 h. The resulting deep red solution was hydrolysed 
by addition of saturated aqueous ammonium chloride solution (25 mL). The solvent 
was distilled off under argon, and water (50 mL) added. The solution was extracted 
with diethyl ether (3 x 50 mL). The combined extracts were dried (MgS04), filtered and 
the solvent removed to give a pale red oil (5.2 g). Fractional distillation of the oil under 
reduced pressure, using a 150 rom Vigreux column fitted with a Claisen head, gave two 
major fractions. Fraction L b.p.30-50 oC, 0.05 mm Hg, was collected in a receiver 
cooled to -78 oC, tetramethyldiarsine. Yield: 1.55 g, 78%. Fraction 2, b.p. 60-110 oC, 
0.04 mm Hg, diphenylmethylphospbine. Yield: 3.2 g, 84%. lH NMR (dl-chloroform): 
o 1.54 (d, 3 H, 2JpH 3.65 Hz, PMe), 7.21-7.42 (m, 10 H, aromatics). 3lp(1H} 
NMR (dl-chloroform): 0 -26.1 (s, 1 P). m/e 200.1 (M)+, 185 (M-Me)+. 
4. Reaction with potassium metal in 1,4-dioxane. (±)-l-(Dimethylarsino)-
2-(methylphenylphosphino)benzene, (±)-74 (1.15 g, 3.78 mmol) was dissolved in 
l,4-dioxane (80 mL) and potassium metal (0.30 g, 7.67 mmol) added. The reaction 
mixture was stirred at the ambient temperature for 24 h and subsequently heated under 
reflux for 4 h. The resulting pale yellow solution was cooled and saturated aqueous 
ammonium chloride solution (10 mL) added dropwise. The solvent was distilled off and 
water (50 mL) was added. The solution was extracted with diethyl ether (2 x 50 mL). 
The combined ethereal extracts were dried (MgS04), filtered and the solvent removed to 
give a pale yellow oil, starting material, (±)-1-(dimethylarsino)-2-(methylphenyl-
phosphino)benzene, (±)-74. Yield: 1.09 g, 95%. Small amounts of tetramethyldiarsine 
and diphenylmethylphosphine « 2%) were identified in the reaction products. 
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#14. 1,2.Phenylenebis(dimethylarsine), 78, was prepared by a modified 
literature procedure.157 Tetrahydrofuran (1400 mL) was cooled to -78 °C in a 2000 mL 
Schlenk flask and sodium foil (44.85 g, 1.950 mol) added. Dimethyliodoarsine (226g, 
0.9746 mol) in tetrahydrofuran (100mL) was added in aliquots (20 mL) over a period 
of 4 h. When the addition of dimethyliodoarsine was complete the reaction was allowed 
to come slowly to ambient temperature and left to stir overnight. (A mechanical stirrer is 
recommended for this scale of the reaction). The resulting dark red reaction mixture was 
again cooled to -78 0C and 1,2-dichlorobenzene (75 g, 0.510 mol) in tetrahydrofuran 
(50 mL) added slowly over a two hour period, after which the reaction mixture was 
a~lowed to warm to ambient temperature and left to stir for 48 h to give a white 
suspension. The tetrahydrofuran was distilled off at one atmosphere under argon and 
water (500 mL) added. The clear solution was extracted with dichloromethane (4 x 100 
mL) and the combined organic extracts dried (MgS04), fIltered and the solvent distilled 
off under argon at one atmosphere. The resulting clear, pale yellow oil was fractionally 
distilled at reduced pressure, using a 150 mm Vigreux column fitted with a Claisen 
head. Fraction 1, with a boiling range 30-45 °C (0.2 mm Hg) was collected in a cooled 
receiver (-78 OC) and consisted mainly of tetramethyldiarsine and dimethylphenyl-
arsine; fraction ~ b.p. 64 ± 2 0C (0.05 mm Hg) consisted of the pure product 1,2-
phenylenebis(dimethylarsine), 78. Yield: 86 g, 59% (based on conversion of 1,2-
dichlorobenzene). Anal. calcd for CloH16As2: C, 41.98; H, 5.65; As, 52.38. Found: 
C, 41.97; H, 5.68; As, 52.20. IH NMR (~-benzene) : 0 1.08 (s, 12 H, AsMe), 7.13-
7.16 (m, 2 H, aromatics), 7.33-7.36 (m, 2 H, aromatics). IH NMR (dl -chloroform): 0 
1.20 (s, 12H, AsMe), 7.25-7.48 (m, 4 H, aromatics). m/e 286 (M+), 271 (M-Me)+, 
256 (M-2Me)+, 241 (M-3Me)+, 226 (M-4Me)+. 
#15 . Preparation of (±)_1.(methylarsino)-2.(dimethylarsino)benzene, 
(±).79. This was prepared using a modified literature method.236 Ammonia (800 mL) 
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was condensed into a 2000 mL Schlenk flask containing 1,2-phenylenebis-
(dimethylarsine), 78, (63 g, 0.2202 mol) in diethyl ether (50 mL). Sodium foil 
(l0.15 g, 0.4413 mol) was added piecewise with vigorous stirring over a period of ca 
2 h. The reaction mixture, which slowly turned a dark red-brown colour, was 
maintained at - 78 °C for a further 4 h after the addition of the sodium foil was 
completed. Solid ammonium chloride (50 g) was added to the reaction mixture which 
immediately became almost colourless. The reaction mixture was slowly brought to 
ambient temperature and the ammonia was allowed to evaporate overnight under a 
stream of nitrogen. Diethyl ether (150 mL) was added and the solution cooled to -15 
°C (ice / methanol). The solution was slowly hydrolysed by the dropwise addition of 
hydrochloric acid (20 mL, 5 M) and the ice bath removed. Water (200 mL) was added 
and the diethyl ether layer separated. The aqueous layer was extracted with more diethyl 
ether (3 x 100 mL) and the combined ether extracts dried (MgS04), filtered and the 
solvent removed by distillation under argon. Fractional distillation, at reduced pressure, 
using a 150 mm Vigreux column fitted with a Claisen head, yielded a colourless liquid, 
b.p. 64 ± 1 oC, 0.03 mm Hg. Yield: 36 g, 60%. IH NMR (rl6-benzene): 0 1.01 (s, 3 
H, AsMe), 1.03 (s, 3 H, AsMe), 1.17 (d, 3 H, 2JHH 6.8 Hz, AsMeH), 3.90 (q, 1 H, 
2JHH 6.87 Hz, AsMeH), 7.0-7.45 (m, 4 H, aromatics). m/e 272 (M)+, 271 (M-H)+, 
257 (M-Me)+, 242 (M-2Me)+, 227 (M-3Me)+. 
2-(Aminophenyl)diphenylphosphine, 80, was prepared from triphenyl-
phosphine in a three step synthesis using a modified literature procedure.235 
#16. Preparation of (2-aminophenyl)triphenylphosphonium chloride hemi-
hydrate. Triphenylphosphine (250 g, 0.9532 mol), anhydrous nickel(II) chloride (62 
g, 0.4783 mol) and dry 2-chloroaniline (122 g, 0.9563 mol) were thoroughly mixed 
under dry nitrogen in a heavy walled, 500 mL round bottomed flask. The mixture was 
refluxed for 24 h at a temperature of 225 ± 5 °C . The resulting dark blue melt was 
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poured whilst hot (ca 220 oc) into boiling water (850 mL) acidified with hydrochloric 
acid (10 M, 10 mL). The mixture was allowed to cool to the ambient temperature and 
extracted with diethyl ether (3 x 80 mL). The diethyl ether extracts were held aside for 
later recovery of unreacted triphenylphosphine. The aqueous layer was next extracted 
with dichloromethane (4 x 100 mL). The combined dichloromethane extracts were dried 
(MgS04), filtered and the solvent removed, at reduced pressure, to yield a viscous 
orange oil (ca 300 mL). Tetrahydrofuran (400 mL) was added to the oil with vigorous 
shaking. A mass of pale yellow crystals fonned. Crystallisation was completed 
overnight at -5 0C. The crystals were collected and the mother liquor reduced in volume 
(ca 50%) from which more crystalline material was recovered on standing overnight at 
-5 0C. The combined crystalline products were washed with cold tetrahydrofuran (3 x 
25 mL) and dried in vacuo (25 oC, 5 mm Hg, 24 h) to give a pale yellow crystalline 
solid, m.p. 298 ± 3 0C. Yield: 290 g, 97%, based on a 78% conversion of 
triphenylphosphine. Anal. calcd for C24H21NPCl.1/2 H20: C, 72.27; H, 5.55; N, 
3.51. Found: C, 72.62; H, 5.51; N, 3.33. Unreacted triphenylphosphine was recovered 
from the diethyl ether extracts by removal of the solvent and twice recrystallising the 
residues from hot ethanol/water (9 : 1). Yield: 55 g, 22%, m.p. 80 ± 1 oc. Anal. calcd 
for ClSHlSP: C, 82.42; H, 5.77. Found: C, 82.43; H, 6.03. 
#17 . Preparation of (2-aminophenyl)dipbenylphosphine, 80. A solution of 
sodium naphthalenide was prepared by adding A.R. naphthalene (80.0 g, 0.6242 mol) 
to sodium wire (14.35 g, 0.6240 mol) in dry tetrahydrofuran (500 mL) under nitrogen. 
The mixture was stirred for 2 h after which the resulting dark green solution was 
cooled to -78 0C. (2-Aminophenyl)triphenylphosphonium chloride herni-hydrate (100 
g, 0.2507 mol) was added slowly with vigorous stirring to the cooled reaction rnixture. 
The temperature was maintained at -78 °C for 4 h and was then brought slowly to the 
ambient temperature and allowed to stir for a further 24 h. Glacial acetic acid (5g, 
0.083 mol) and 20% aqueous ammonium chloride solution (150 mL) were added 
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followed by water (250 mL). The two phases were separated and the aqueous phase 
was extracted with diethyl ether (3 x 100 mL). The combined organic extracts were 
dried (MgS04), filtered and the solvent removed at reduced pressure. The residual oil 
was taken up in boiling 90% aqueous ethanol (150 mL) and the hot solution was treated 
with a solution of [Ni(H20)6](N03h (72.0 g, 0.248 mol) in boiling 90% aqueous 
ethanol (150 mL). The solution was cooled slowly to ambient temperature and left 
overnight at - 5 oC. To the resulting solid crystalline mass was added diethyl ether (800 
mL) and the mixture stirred vigorously. The orange crystals were filtered off, washed 
with cold diethyl ether (3 x 50 mL) and dried in vacuo (50 °C, 5 mm Hg, 24 h). Yield: 
90 g, 97%. Anal. calcd for C36H32N4P2Ni06: C, 58.64; H, 4.38; N, 7.60. Found: C, 
58.32; H, 4.34; N, 7.38. 
The nickel(II) complex (90.0 gm, 0.122 mol) was suspended in benzene (400 
mL). Water (300 mL) and hydrochloric acid (10 M, 10 mL) were added and the mixture 
refluxed for 24 h. The phases were separated after cooling to ambient temperature and 
the aqueous phase was extracted with benzene (3 x 100 mL). The combined organic 
phases were washed with saturated aqueous sodium chloride solution (2 x 150 mL) 
and dried (MgS04), filtered and the solvent distilled off under nitrogen at atmospheric 
pressure to give a clear yellow residual oil. The oil was taken up in boiling 90% 
aqueous ethanol (250 mL) . A white microcrystalline mass formed on cooling and the 
crystallisation was completed overnight at -SoC. The crystals were filtered off, the 
filtrate reduced in volume (ca 80%) and cooled to -5 °C to give a further crop of 
product. The combined product was washed with cold 90% aqueous ethanol (50 mL) 
and dried in vacuo (25 0C, 5 mm Hg, 48 h), m.p. 83 ± 1 oC. Yield 65g, 96%. Anal. 
calcd for CISHI6NP: C, 77.96; H, 5.82; N, 5.05. Found: C, 78.1; H, 5.80; N, 5.1; 
IH NMR (dl-chloroform): 03.9 (br s, 2 H, NH2), 6.5-7.5 (m, 14 H, aromatics). 
31p{ IH}NMR (dl-chloroform): 0 -20.9 (s, 1 P). m/e 277 (M)+, 261 (M - NH2)+. 
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#18 . Preparation of (±)-(2-aminophenyl)phenylphosphine, (±)-81. (2-
Aminophenyl)diphenylphosphine, 80, (165 g, 0.5950 mol) was dissolved in 
tetrahydrofuran (1000 mL) in a 2000 mL Schlenk flask and the solution cooled to -15 
0C (ice / methanol). Lithium wire (12.40 g, 1.787 mol) was added piecewise whilst 
stirring and the reaction was allowed to proceed in the cold for 4 h and then allowed to 
come slowly to ambient temperature and left to stir for a further 48 h. The solution was 
again cooled to -15 0C and ammonium chloride (50 g) added to yield a colourless 
solution. Water (100 mL) was added and the tetrahydrofuran distilled off under argon. 
Further water (250 mL) was added and the resulting clear solution was extracted with 
dichloromethane (3 x 100 mL). The combined organic extracts were dried (MgS04) , 
flltered and the solvent removed by distillation under argon. Fractional distillation under 
reduced pressure, using a 100 nun Vigreux column fitted with a Claisen head, of the 
residual oil gave the product as a clear viscous liquid, b.p. 110 ± 2 oC, 0.03 mm Hg. 
Yield: 112 g, 94%. Anal. calcd for C12H12NP: C, 71.63; H, 6.01; N, 6.96. Found: C, 
71.56; H, 5.99; N, 6.93. IH NMR (dt-chloroform): a 3.94 (br s, 2 H, NH2), 5.10 
(d, 1 H, tJpH 222 Hz, PH), 6.58-7.45 ( m, 9 H, aromatics). 31p PH} NMR (dl-
chloroform): a -6 (s, 1 P). m/e 201 (M)+, 123 (M-HPh)+. 
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#19. Preparation of (±)-(2-aminophenyl)methylphenylphosphine, (±)-82. 
(2-Aminophenyl)phenylphosphine, (±)-81, (85 g, 0.4225 mol) was dissolved in 
tetrahydrofuran (600 mL) and sodium foil (9.80 g, 0.4260 mol) was added piecewise 
over a period of ca 2 h. The resulting clear yellow solution was cooled to -78 °C and a 
solution of methyl iodide (60 g, 0.4227 mol) in tetrahydrofuran (100 mL) was added 
slowly over a period of 1 h. The reaction mixture was allowed to warm slowly to room 
temperature and then left to stir overnight. The solvent was distilled off under argon and 
water (300 mL) and dichloromethane (200 mL) were added. The phases were separated 
and the aqueous phase further extracted with dichloromethane (2 x 100 mL). The 
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combined dichloromethane extracts were dried (MgS04), filtered and the solvent 
removed by distillation under argon. Vacuum distillation of the residual oil yielded the 
product as a clear, colourless ,viscous liquid, b.p. 122 ± 2 °C, 0.03 mm Hg. Yield: 
82.8 g, 91%. Anal. calcd for C13Hl4NP: C, 72.55; H, 6.56; N, 6.51. Found: C, 
72.61; H, 6.90; N, 6.56. lH NMR (dl-chloroform): 0 1.56 (d, 3 H, 2JpH 3.20 Hz, 
PMe), 4.06 (br s, 2 H, NH2), 6.54-7.35 (m, 9 H aromatics); 3lp PH} NMR (dl-
chloroform): 0 -42.8 (s, 1 P). mJe 215 (M)+ , 200 (M-Me)+. 
#20. Preparation of (±)-(2-aminophenyl)methylphosphine, (±)-83. (±)-
(2-Aminophenyl)methylphenylphosphine, (±)-82, (80.0 g, 0.3717 mol) was 
dissolved in tetrahydrofuran (600 mL) and the solution cooled to -78 oC. Lithium wire 
(7.74 g, 1.115 mol) was added piecewise whilst stirring. The reaction mixture was 
allowed to come to ambient temperature and left to stir for 48 h to give a yellow-brown 
solution. The mixture was refluxed for 30 minutes, cooled to -15 °C and ammonium 
chloride (50 g) added followed by water (50 mL). The tetrahydrofuran was removed by 
distillation under argon. Further water (250 mL) was added and the resulting, clear 
solution extracted with dichloromethane (3 x 100 mL). The combined organic extracts 
were dried (MgS04), filtered and the dichloromethane distilled off under argon. 
Fractional distillation under reduced pressure, using a 150 nun Vigreux column fitted 
with a Claisen head, of the crude product gave pure (±)-(2-aminophenyl)-
methylphosphine, (±)-83, as a colourless liquid, b.p. 62 ± 2 °C at 0.08 mm Hg. Yield: 
48.0 g, 93%. Anal. calcd for C7HlONP: C, 60.43; H, 7.24; N, 10.07. Found: C, 
60.61; H, 7.60; N, 10.09. IH NMR (d2-dichloromethane): 0 1.30 (d of d, 3 H, 3JHH 
3.20 Hz, 2JpH 7.50 Hz, PMe), 4.00 (d of q, 1 H, 3JHH 7.56 Hz, IJpH 213.5 Hz, 
PH), 4.02 (br s, 2 H, NH2), 6.59 -7.34 (m, 4 H, aromatics). 31p{lH} NMR (d2-
dichloromethane): 0 -89.1 (s, 1 P). mJe 139 (M)+, 124 (M-Me)+. 
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#21. Preparation of (±)-(2-aminophenyl)(2-chlorophenyl)methylphos-
phine, (±)-73. (±)-(2-Aminophenyl)methylphosphine, (±)-83, (48.7 g, 0.350 mol) 
was dissolved in tetrahydrofuran (500 mL) and the solution cooled to -78 °C. Sodium 
foil (8.05 g, 0.350 mol) was added piecewise and the reaction mixture allowed to come 
slowly to ambient temperature and left to stir for 48 h to give a clear, yellow solution. 
The reaction mixture was cooled to -78 °C and 1, 2-dichlorobenzene (5l.45 g, 0.350 
mol) in tetrahydrofuran (50 mL) was added dropwise. The reaction vessel and contents 
were transferred to a cold bath (ethylene glycol) maintained at 0 ± 5 °C and left to react 
for a period of five days, after which the temperature was raised to 20 ± 5 °C and left 
for a further 48 h. The solvent was removed by distillation under argon at one 
atmosphere pressure. The reaction mixture was cooled to -15 °C and ammonium 
chloride (50 g) added. Water (200 mL) was added and the resulting, clear, colourless 
solution was extracted with dichloromethane (3 x 100 mL). The combined dichloro-
methane extracts were dried (MgS04), fIltered and the solvent removed by distillation at 
one atmosphere under argon. Fractional distillation, under reduced pressure, of the 
crude product yielded two fractions. Fraction 1, (b.p. 60-63 oC, 0.08 mm Hg) was 
pure, unreacted, (±)-83. Yield 16.80 g, 34.5%. Fraction ~ which distilled as a clear, 
highly viscous oil and which formed a white micro-crystalline mass on standing, 
consisted of the product, (±)-(2-aminophenyl)(2-chlorophenyl)methylphosphine, (±)-
73, b.p. 144 ± 2 oC, 0.03 mm Hg. Yield: 44.5 g, 78% [based on 66% conversion of 
(±)-(2-aminophenyl)methylphosphine, (±)-83). This was twice recrystallised from hot 
methanol to give (±)-73 as a mass of white hexagonal plates which were washed with 
cold methanol / diethyl ether (1 : 1,2 x 10 mL) and dried (25 oC, 0.05 mm Hg, 24 
hours) m.p. 76 ± 2 oc. Yield: 42 g, 94%, Anal. calcd for C13H13NPCI: C,62.52; H, 
5.25; N, 5.61; CI, 14.20. Found: C, 62.52; H, 5.32; N, 5.71; CI, 14.30. IH NMR 
(dl-chloroform): 0 l.61 (d, 3 H, 2JpH 3.96 Hz, PMe), 4.21 (br s, 2 H, NH2), 6.64-
7.38 (m, 8 H, aromatics). 31p PH} NMR (dl-chloroform): 0 -48.5 (s, 1 P). m/e 
249 (M)+, 234 (M-Me)+, 214 (M-CI)+. Compound is UV, but not air, sensitive. 
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#22. The resolving agent (-)-di-J.1-chlorobis{(R)-[l-(dimethylamino)-
ethyl]naphthyl-C2,N}dipalladium(II), (R)-84, was prepared by a modified 
literature procedure.239 Formic acid (31 mL, 90% w/v) was cooled to 0 °C and (+)-1-
(1-naphthyl)ethylamine (25g, 0.146 mol) added slowly, followed by formaldehyde (33 
mL, 40% w/w). The reaction mixture was allowed to come slowly to the ambient 
temperature and heated gently until evolution of carbon dioxide had ceased. The mixture 
was refluxed gently overnight. After cooling to 0 oC, hydrochloric acid (75 mL, 4 M) 
was added slowly and the solvent removed under reduced pressure. Water (100 mL) 
was added followed by aqueous sodium hydroxide (27 g, 0.675 mol) in water (45 mL). 
The resulting solution was extracted with dichloromethane (3 x 50 mL) and the 
combined dichloromethane extracts were dried (MgS04), filtered and the solvent 
removed at reduced pressure. Distillation yielded (R)-( + )589-dimethyl[1-(1-(naphthyl)-
ethyl]amine as an almost colourless oil, b.p. 76-78 oC, 0.05 mm Hg. Yield 23.0 g, 
79%. a. + 69.50 (589 nm, c 1.02, diethyl ether). 1 H NMR (ci6-acetone): 0 1.44 (d, 
3 H, 2JHH 6.7 Hz, CMe), 2.24 (s, 6 H, NMe), 3.97 (q, 1 H, 2JHH 6.7 Hz, CMeH) , 
7.38- 7.83 (m, 7 H, aromatics). Palladium(II) chloride (10.0 g, 0.0564 mol) and 
excess lithium chloride (7.17 g, 0.1692 mol) were suspended in methanol (100 mL) 
and stirred until dissolution was complete. The solution was filtered and a mixture of 
(R)-(+) 589-dimethyl[I-(1-naphthyl)ethyl]amine (11.24 g, 0.0564 mol) and triethyl-
amine (5.71 g, 0.0564 mol) was added dropwise. The mixture was left to stir 
overnight. The fme yellow precipitate was collected and washed with cold water (10 
mL), cold water / methanol (1 : I , 10 mL), methanol / diethyl ether (1 : 1, 10 mL» and 
fmally cold diethyl ether (10 mL). The product (R)-84 was dried in vacuo (25 oC, 0.5 
mm Hg, 48 h), m.p. 200 ± 2 0C. Yield: 17.2 g, 89.6%. a. -1820 (589 nm, c 0.902, 
dichloromethane). Anal. calcd for C28H32C12N2Pd2: C,49.44; H, 4.74; N,4.12; 
CI, 10.42. Found: C,49.74; H,4.80; N,3.98; CI, 10.2. 
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#23. Resolution of (i).73. Formation of the internally diastereomeric 
complexes [SP.4.2·(S,R)]. and [SP.4.2.(R,R)].[(2.aminophenyJ)(2-
cblorophenyJ)methylphosphine.N,P]{[l·(dimethyJamino)ethyJ]naphthyl-
C 2,N}palladium(II) bexafluoropbospbate, (R,R)- and (S,R)-85. 
Isolation of (S,R)·8S To a suspension of the resolving agent, di-Jl-chlorobis ( (R)-
[l-(dimethylamino)ethyl]naphthyl-C2N }dipalladium(II), (R)·84 (l1.604g, 17.1 
mmol) in methanol (100 mL) was slowly added a solution of (i)-(2-aminophenyl)(2-
chlorophenyl)methylphosphine, (i)-73, (8.52 g, 34.1 mmol) in methanol (60 mL) and 
the mixture stirred at the ambient temperature for 24 h. The resulting pale yellow 
solution was filtered. Ammonium hexafluorophosphate (5.56 g, 34.0 mmol) in water (8 
mL) was added dropwise. Further water (15 mL) was added and the white precipitate 
which formed was left to stir overnight. The precipitate was collected, washed with 
cold water (10 mL), cold water / methanol (1 : 1, 10 mL», cold methanol (5 ml) and 
finally diethyl ether (10 mL), and dried (25 OC, 5 mm Hg, 24 h). Yield: 11.6 g, 48.6%. 
Cl -500 (589 nm, c 0.912, acetone). The mother liquor was treated with more 
ammoniumohexafluorophosphate (11.12 g, 0.068 mol) in water (ca 8.0 mL) followed 
by a further additiion of water (50 mL) to give a second crop of product which was 
collected, washed as before and dried (25 °C, 5 mm Hg, 24 hours). Yield: 9.88 g, 
41.4%. Cl -520 (589 nm, c 0.980, acetone). The two crops were combined. Yield: 
21.48 g. 90%. The mixture of diastereomers was dissolved in hot chloroform (120 
mL) and 2-propanol (60 mL) was added. A mass of colourless needles formed on 
standing overnight, Cl -1550 (589 nm, c 0.892, acetone). The mother liquor was taken 
to dryness and the residue dissolved in hot chloroform (60 mL) and 2-propanol (30 mL) 
added. On standing more crystals were deposited, Cl-1400 (589 nm, c 0.985, acetone). 
Repitition of the process gave further crystalline material. The enriched mixture of 
diastereomers was recrystallised from dichloromethane / 2-propanol to give pure (S,R)-
8S as colourless needles. These were washed with chloroform (5 mL), diethyl ether (5 
mL), and dried in vacuo (25 oC, 5 mm Hg, 24 h), 
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m.p. 262 ± 3 °C. Yield: 8.60 g, 80%, a -2250 (589 run, c 0.88, acetone), a-2390 
(578 nm, c 0.88, acetone) and a -281 0 (546 nm, c 0.88 acetone) Anal. calcd for 
C27H 29N2P2PdCIF6: C, 46.36; H,4.18; N,4.01; P, 8.85; CI,5.07. Found: C, 
46.27; H, 4.24; N, 4.01; P, 8.86; CI, 5.20. IH NMR (d2-dichloromethane): b 1.84 
(d, 3 H, 3JHH 6.40 Hz ,CMe), 2.33 (d, 3H, 2JpH 9.33 Hz, PMe), 2.90 (d, 3 H, 
4JpH 1.59 Hz, NMe), 3.04 (d, 3 H, 4JpH 3.60 Hz, NMe), 4.43 (m, 1 H, CMeH), 
4.79 (d, 1 H, 2JHH 13.30 Hz, NH), 5.60 (d, 1 H, 2JHH 13.80 Hz, NH), 6.92 (d of d, 
1 H, 4JHH 6.63 Hz, 4JpH 8.34 Hz, yH) 7.18-8.32 (m, 15 H, aromatics). 31p{ IH} 
NMR (d2-dichloromethane): b 16.17 (s, 1 P). 
#24. Formation and isolation of [SP-4-2-(R,S)]-[(2-aminophenyl)(2-
chlorophenyl)methyl phosphine-N,PH [1- (dimethylamino )ethyl] na ph thyl-
C 2,N}palladium(II) hexafluorophosphate, (R,S)-85. A portion of the (R,R)-
85 enriched mixture (6.0 g, 8.58 mmol) of diastereomers from the isolation of (S,R)-
85 was dissolved in dichloromethane(lOO mL) and (Rp* ,Rp*)-1 ,2-phenylenebis-
(methylphenylphosphine) (2.77 g, 8.60 mmol) in the same solvent (20 mL) was added. 
The mixture was stirred vigourously for 2 h to give a white precipitate. Diethyl ether 
(120 mL) was added and the precipitate filtered off. The solvent was removed from the 
fIltrate under vacuum and diethyl ether (100 mL) added to the residue. The mixture was 
stirred for 30 minutes, filtered, and the solvent removed under reduced pressure to give 
the (S)-73 enriched free ligand. Yield: 2.06 g, 96%. The crude free ligand (2.06 g, 
8.20 mmol) and the chloro bridged dirner (S)-84 (2.78 g, 4.10 mmol) were suspended 
in methanol and stirred for 1 hour. The solution was filtered and ammonium 
hexafluorophosphate (1.34 g, 8.20 mmol) in water (5 mL) added dropwise. More water 
(10 mL) was added and the mixture stired for 4 h. The resulting white precipate was 
filtered off, washed with cold water (10 mL), cold water / methanol (1 : 1, 10 rnI), cold 
methanol (5 mL) and finally diethyl ether (5 mL), and dried in vacuo for 24 hours. 
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Yield: 5.2 g, 90%. (l +1100 (589 nm, c 0.97, acetone). Two recrystallisations from 
dichloromethane / 2-propanol yielded colourless plates of the pure (R,S)-85. The 
crystals were washed with chlorofonn (2 mL), diethyl ether (5 mL), and dried in vacuo 
(25 oc, 5 rom Hg, 24 h), m.p. 263 ± 2 oc. Yield: 2.3 g, 40%. (l +2250 (589 nm, c 
0.987, acetone), (l +2390 (578 nm, c 0.987, acetone), (l +281 0 (546 nm, c 0.987, 
acetone). Anal. calcd for C27H29N2P2PdClF6: C, 46.36; H,4.18; N,4.01. Found: 
C,46.23; H,4.10; N,3.96. The IH NMR and 31p(1H}NMR (in d2-dichloro-
methane) spectra were identical to those obtained for the enantiomeric complex (S,R)-
85. 
#25. Preparation of (R)-(2-aminophenyl)(2-chlorophenyl)methylphos-
phine, (R)-73. Diastereomerically pure (S,R)-85 (5.88 g, 8.40 mmol) was 
dissolved in dichloromethane (100 mL) and (Rp* ,Rp*)-1, 2-phenylenebis(methyl-
phenylphosphine) (2.70 g, 8.40 romol) in the same solvent (30 mL) was added. The 
mixture was stirred vigorously for 2 hours to give a white precipitate. Diethyl ether (100 
mL) was added and the precipitate fIltered off. The solvent was removed from the 
fIltrate under vacuum and diethyl ether (40 mL) added to the solid residue. The mixture 
was stirred for 30 minutes and flltered. Removal of the diethyl ether under vacuum gave 
a white microcrystalline residue. The microcrystalline product was washed with diethyl 
ether (3 mL) and dried in vacuo (25 oC, 5 rom Hg, 24 h) to give pure (R)-73, m.p. 78 
± 2 oC. Yield: 2.04 g, 97%. (l - 2180 (589 nm, c 0.70, acetone), (l - 2380 (578 nm, c 
0.70, acetone) and (l - 2850 (546 nm, c 0.70, acetone). Anal. calcd for C13H13NPCI: 
C,62.54; H,5.25; N,5.61. Found: C, 62.56; H, 5.32; N, 5.57. IH NMR (dl-
chlorofonn): 0 1.61 (d, 3 H, 2JpH 3.96 Hz, PMe), 4.21 (br s, 2 H, NH2), 6.64-7.38 
(m, 8 H, aromatics). 31p{lH} NMR (dl-chloroform): 0 -48.5 (s, 1 P). m/e 249 (M)+· 
147 
#26. Preparation of (S)-(2-aminophenyl)(2-chlorophenyl)methylphos_ 
phine, (S)-73. The (S) enantiomer was obtained in the same manner from (R,S)-85 
(2.0 g, 2.86 romol), m.p. 78 ± 2 °C. Yield 0.70g, 98%. a +2180 (589 nm, c 0.66 ac-
etone), a + 2370 (578 nm, c 0.66, acetone) and a + 2860 (546 nm, c 0.66, acetone). 
Anal. calcd for C13H13NPCI: C, 62.54; H, 5.25; N, 5.61. Found: C, 62.52; H, 
5.22; N, 5.53. The IH NMR (d2-dichloromethane) and 31p(1H}NMR (d2-dichloro-
methane) spectra were identical to those obtained for the enantiomeric compound (R)-
73. 
#27. Preparation and isolation of [SP-4-2-(R,R)]-[(2-aminophenyl)(2-
chlorophenyl)methylphosphine-N,P]{[l-(dimethylamino)ethyl]naphthyl-
C 2,N}palladium(II) hexafluorophosphate, (R,R)-85. Pure (S)-73 (0.7 g, 
2.80 romol) and the chloro bridged dimer (R)-84 (0.95 g, 1.40 romol) were suspended 
in methanol (30 mL) and the mixture stirred for 1 hour. The solution was filtered and 
ammonium hexafluorophosphate (0.46 g, 2.80 romol) in water (2 mL) added dropwise. 
More water (10 mL) was added and the mixture stired for 4 h. The resulting white 
precipitate was filtered off, washed with cold water (10 mL), cold water / methanol (1 : 
I, 10 mL), cold methanol (5 mL) and finally diethyl ether ( 5 mL), and dried in vacuo 
(25 oC, 5 rom Hg, 24 h), m.p. 264 ± 2 0C. Yield 1.90 g, 97%. a + 1240 (589 nm, c 
0.87, acetone), a + 1320 (578 nm, c 0.87, acetone), a + 1570 (546 nm, c 0.87, acetone) 
and a +3620 (436 nm, c 0.87, acetone). Anal. calcd for C27H29N2P2PdCIF6: C, 
46.36; H,4.18; N, 4.01. Found: C, 46.30; H, 4.23; N, 4.06. IH NMR (d2-dichloro-
methane): 0 1.88 (d, 3 H, 3JHH 6.45 Hz , CMe), 2.11 (d, 3 H, 2JpH 9.75 Hz, PMe), 
2.87 (d, 3 H, 4JpH 1.71 Hz, NMe), 3.05 (d, 3 H, 4JpH 3.60 Hz, NMe), 4.43 (m, 1 
H, CMeH), 4.97 (d, 1 H, 2JHH 13.32 Hz, NH), 5.47 (d, 1 H, 2JHH 13.20 Hz, NH), 
6.62 (d of d, 1 H, IJHH 6.70 Hz, 4JpH 8.42 Hz, yH), 7.18-8.32 (m, 15 H, 
aromatics). 31p{ IH} NMR (d2-dichloromethane): 0 16.40 (s, 1 P). 
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#28. Preparation of (RAs·,RAs·,Sp·)- and (RAs·,SAs·,Rp*)-(±)-5-
amino-l,4,11, 14-tetraarsino-2,3,6, 7,9,10,12, 13-tetra hyd rotetra ben zo-I,I, 
4,8,11,14,14-heptamethyl-8-phosphinotetradecine, (RAs· ,RAs* ,Sp*)- and 
(RAs* ,SAs· ,Rp*)-88. (±)-1-(Methylarsino)-2-(dimethylarsino)benzene, (±)-79, 
(5.00 g, 0.0184 mol) was dissolved in tetrahydrofuran (80 mL) and the solution cooled to 
o °C. Sodium foil (0.43 g, 0.0184 mol) was added, the mixture allowed to come to the 
ambient temperature and stirred overnight. The resulting deep red solution was filtered and 
added dropwise over a period of 4 h to a solution of (±)-(2-aminophenyl)(2-chloro-
phenyl)methylphosphine, (±)-73, (4.60 g, 0.0184 mol) dissolved in tetrahydrofuran (80 
mL) at -78°C. The resulting deep red solution was stirred at a temperature of -20 ± 5 °C 
for 5 days by which time it had become almost colourless. The solution was then refluxed 
for 4 h, cooled to the ambient temperature and water (10 mL) added dropwise. Further 
water (100 mL) was added and the resulting solution extracted with diethyl ether (3 x 50 
mL). The combined organic extracts were dried (MgS04), filtered and the solvent 
removed to give a highly viscous. orange oil. 
#29. Formation and separation of [OC-6-43-(RAs* ,RAs* ,Sp*)]- and [OC-
6-43- (RAs *,S As· ,Rp*)] - (±)- [S-amino-l,4,11,14-tetraarsino-2,3,6, 7,9,10, 
12,13-tetrahydrotetrabenzo-l,I,4,8,11,14,14-heptamethy1-8-phosphino-
tetradecine-As,As' ,As' , ,As' , , ,P]chlorocobalt(III) chloride, [CoCl-
{(RAs*, RAs* ,Sp·)-88} ]C12 and [CoCI{(RAs* ,SAS* ,Rp*)-88} ]C I2. 
The orange oil obtained from the reaction of (±)-73 and 86 was taken up in hot methanol 
(150 mL). Hexaaquacobalt(II) chloride (4.38 g, 0.0184 mol) in methanol (25 mL) was 
added followed by hydrochloric acid (10 mL, 10 M) and air was drawn through the dark 
brown solution for a period of 4 h. The resulting green solution was filtered and the 
solvent removed. To the green residual mass was added, water (200 mL), and the 
suspension refluxed for 4 h. The resulting greenish-brown solution was cooled and left at 
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ca 5 oC overnight to give a dark green microcrystalline precipitate. The crystals of trans-
[CoCI2(diars)2]CI [where diars = I, 2-phenylenebis(dimethylarsine), 78] were fIltered 
off, washed with cold ethanol: diethyl ether (1 : 10, 10 mL) and diethylether (10 mL) and 
dried in vacuo (5 mm Hg, 80 oC, 24 h) m.p. 295 ± 2 oC. Yield: 1.48 g, 21.7%. [This, 
and all subsequent yields for the coupling reaction, are calculated with respect to the 
secondary arsine, (±)-79]. Anal. calcd for C20H32As4COC13: C, 32.57; H, 4.37; As, 
40.64; Co, 8.00. Found: C, 32.52; H, 4.36; As, 40.21; Co, 7.66. IH NMR (c4-
methanol): 0 1.93 (s,12 H, AsMe), 7.85-8.23 (m, 8 H, aromatics). 
The mother liquor from the isolation of trans-[CoCI2(diars)2]CI was reduced 
in volume by ca 50% and left at 5 °C overnight. A mass of orange-red crystals 
formed. The crystals of [CoCI{(RAs*,RAs*,Sp*)-88}]CI2.7H20 were fIltered off, 
recrystallised from hot water (40 mL), washed with cold ethanol: diethyl ether (2 : I, 
10 mL), diethylether (10 mL) and dried in vacuo (5 mm Hg, 25 oC, 24 h), m.p. 240-
250 oc (decomp.). Yield: 2.60 g, 27%. Anal. calcd for C3IH38NPAs4COCI3.7H20: 
C, 35.6; H,o 5.00; N, 1.34; CI, 10.16. Found: C, 36.3; H, 4.95; N, 1.26; CI, 10.14. 
IH NMR (d4-methanol): 0 1.69 (d,3 H, 2JpH 11.5 Hz, PMe), 1.76 (s, 3 H, 
AsMe), 1.84 (s, 3 H, AsMe), 2.17 (s, 3 H, AsMe) ,2.49 (s, 3 H, AsMe), 2.63 (s, 
3 H, AsMe), 2.81 (s, 3 H, AsMe), 6.65 - 8.66 ( m, 16 H, aromatics). 31p£lH} NMR 
(c4-methanol): 046.5 (s, 1 P). Amax (methanol): 481 nm (E 1218 L cm- l mole-I) (ITlg 
~ IAIg); shoulder 395 nrn (E 1900 L cm-l mole-I) (IT2g ~ IAIg). 
When the orange-red crystals were dried in vacuo (80 oC, 5 mm Hg, 8 h) they 
were found to lose 5 moles of H20 to form the stable dihydrate 
[CoCI{(RAs*,RAs*,Sp*)-88}]CI2.2H20. Anal. calcd for C3IH38NPAs4COCI3.2H20: 
C,38.92; H,4.42; N, 1.46. Found: C, 38.45; H,4.47; N, 1.49. The IH NMR and 
the 31p{ IH} NMR (c4-methanol) spectra were identical to those of the heptahydrate. 
The filtrate from the isolation of [CoCI{(RAs*,RAs*,Sp*)-88}]CI2.7H20 
was acidified by the addition of hydrochloric acid (20 mL, 10 M) and extracted with 
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dichloromethane (4 x 50 mL). The combined dichloromethane extracts were dried 
(MgS04), filtered and the solvent removed to give a solid brown residue. The residue 
was taken up in hot methanol (10 mL) and an equal volume of diethyl ether was added. 
A yellow brown microcrystalline solid, consisting mainly of (Rp* ,Rp*)- and 
(Rp* ,Sp*)-[COCI2(PNh]CI [where PN = (±)-(2-aminophenyl)methylphenylphosphine, 
(±)-82] and small amounts of cis-[COCI2{(RAs*,Sp*)-87)] was deposited on cooling. 
The crystals were collected and recrystallised from methanol / diethyl ether. The 
resulting yellow-brown crystals were washed with methanol: diethyl ether 1:1 (10 mL), 
diethyl ether (10 mL) and dried in vacuo (5 mm Hg, 20 oC, 24 h), m.p. 130 ± 2 °C. 
Yield: 1.16 g, 20.7%. Anal. calcd for C26li28 N2P2COCI3.0.5H20: C, 51.64; H, 4.83; 
N,4.63. Found: C, 51.32; H,4.89; N, 4.42. IH NMR (d4-methanol): 0 2.29 (d, 3 
H, 2JpH 13.80 Hz, PMe-rac), 2.39 (d, 3 H, 2JpH 13.90 Hz, PMe-meso), 3.72 
(m, 4 H, 2 x NH2), 7.25 - 7.93 (m, 18 H, aromatics). 31p{ IH} NMR (d4-methanol): 
o 41.6 (s, I P), 43.1 (s, 1 P). 
The mother liquor and washings from the isolation of (Rp* ,Rp*)- and 
(Rp* ,Sp*)-[CoCI2(PNh]CI was taken to dryness to give a red-brown microcrystalline 
solid (40 mg), cis-[CoCI2{ (RAs*,Sp*)-87}]. IH NMR (d4-methanol): 0 1.54 (s, 3 
H, AsMe), 2.19 ( s, 3 H, AsMeMe), 2.33 (s, 3 H, AsMeMe), 2.40 (d, 3 H, 2JpH 
13.47 Hz, PMe), 7.18 (br s, NH2), 7.50-8.38 (m, 12 H, aromatics). 31p PH} NMR 
(d4-methanol, -60 OC): 0 85.0 (bs, 1 P). This was not funber treated. 
The aqueous phase from the isolation of (Rp* ,Rp*)- and (Rp* ,Sp*)-
[CoC12(PNh]CI was taken to dryness to give a green, microcrystalline mass. This was 
taken up in a minimum volume of hot methanol and left for three days at 5 °C. Fine 
yellow-brown crystals were deposited. These were collected, recrystallised from hot 
water (25 mL) to give orange-brown crystals of [CoCl{(RAs*,SAs*,Rp*)-88}]CI2 
which were washed with ethanol: diethylether (2: 1, 10 mL) and diethyl ether (10 mL) 
and dried in vacuo (5 mm Hg, 20 oC, 24 h). Yield: 1.42 g, 17.4% IH NMR (d4-meth-
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anol): 0 1.07 (s, 3 H, AsMe), 1.46 (s, 3 H, AsMe), 1.65 (s, 3 H, AsMe), 1.92 
(s, 3 H, AsMe), 2.18 (s, 3 H, AsMe), 2.24 (s, 3 H, AsMe), 2.33 (d, 3 H, 2JpH 
12.1 Hz, PMe), 6.70 - 8.82 (m, 16 H, aromatics). 3IPPH}NMR (<4-methanol): 0 
47.1 (s, 1 P). 
The mother liquor from the isolation of [CoCI {(RAs* ,S As* ,Rp*)-88 }]C12 
was taken to dryness to give a green crystalline residue which was found to contain 
further quantities of the same more soluble diastereomer, [CoCI{(RAs*,SAs*,Rp*)-
88} ]CI2. This could only be separated from the residues using ion-exchange 
chromatography. Thus, the residues were taken up in methanol (40 mL) and diethyl 
ether (20 mL) was added slowly. The resulting brownish-green precipitate was 
recovered and combined with the [CoCI{(RAs*,SAs*,Rp*)-88}]CI2 obtained above. 
The combined crystalline material was taken up in a minimum volume of methanol and 
the resulting dark red solution loaded onto an ion-exchange column [180 x 15 mm, 
)<,l. 
Dowex 50W, cation exchange resin]. The column was eluted with 0.25 M HCI / 
methanol (elution rate ca 2 mL min-I). Pure [CoCI{ (RAs*,SAs*,Rp*)-88}]CI2 began to 
elute after eluant (500 mL) had passed through the column. Complete elution of the 
complex was then effected using 0.75 M HCI / methanol. This was collected and taken 
to dryness and the complex recrystallised from hot water (20 mL). The resulting orange 
crystals were washed with ethanol: diethyl ether (2 : 1, 10 mL) and diethyl ether (10 
mL) and dried in vacuo (5mm Hg, 20 oC, 24 h), m.p. 240-250 °C (decomp.). Yield: 
2.48 g, 25.8%. Anal. calcd for C3IH3SNPAs4CoCl3.7H20: C, 35.57; H, 5.00; N, 
1.34. Found: C, 35.65; H, 4.76; N, 1.30. IH NMR (<4-methanol): 0 1.07 (s, 3 H, 
AsMe), 1.46 (s, 3 H, AsMe), 1.65 (s, 3 H, AsMe), 1.92 (s, 3 H, AsMe), 2.18 
(s, 3 H, AsMe), 2.24 (s, 3 H, AsMe), 2.33 (d, 3 H, 2JpH 12.1 Hz, PMe), 6.7-
8.82 (m, 16 H, aromatics). 3Ip{ IH} NMR 047.1 (s, 1 P). Amax (methanol): 458 nm 
(€ 1026 L cm-I mole-I) (ITIg f- IAIg). 
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#30. Preparation of (RAs* ,Sp*)-(±)-1-[(2-dimethylarsinophenyl)methyl 
arsino]-2-[(2-aminophenyl)methylphosphino]benzene, (RAs* ,Sp*)-87 To 
a solution of (±)-1-(methylarsino)-2-(dimethylarsino)benzene, (±)-79, (1.895 g, 6.96 
mmol) in tetjrahydrofuran (80 mL) at 0 °C sodium foil (0.16 g, 6.96 mmol) was added. 
The mixture was allowed to come to the ambient temperature and stirred overnight. The 
resulting deep red solution containing sodium (2-dimethylarsinophenyl)methylarsenide 
was filtered and added dropwise, over a period of 2 hours, to an excess of (±)-(2-
aminophenyl)(2-chlorophenyl)methylphosphine, (±)-73, (2.60 g, 0.0104 mol) dissolved 
in tetrahydrofuran (80 mL) at -78 °C and the mixture allowed to come slowly to ambient 
temperature. The resulting deep red solution was subsequently heated to 50 ± 5 °C and 
left to stir at this temperature for 5 days by which time it had become almost colourless. 
The solution was then heated at reflux for 4 hours, cooled to the ambient temperature and 
water (10 mL) added dropwise. Further water (100 mL) was added and the resulting 
solution extracted with diethyl ether (3 x 50 mL). The combined organic extracts were 
dried (MgS04), filtered and the solvent removed to give a highly viscous orange oil. 
#31. Formation and separation of [OC-6-35-(RAs*,Sp*)]-(±)-
dichloro{1-[(2-dimethylarsinophenyl)methylarsino]-2-[(2-aminophenyl)-
methylphosphino]benzene-As,As' ,N ,P}cobalt(III) chloride, cis- (±)-
[COC I2{(RAs* ,Sp*)-87}]CI.0.5H20 The orange oil obtained from the reaction 
of excess of (±)-73 and 86 was taken up in hot methanol (100 mL). Hexaaqua-
cobalt(II) chloride (2.47 g, 0.0104 mol) in methanol (20 mL) was added followed by 
hydrochloric acid (10 mL, 10 M) and air was drawn through the dark brown solution, 
for a period of 4 h. The resulting solution was filtered and the solvent removed. To the 
dark green, residual mass was added, water (120 mL), and the suspension refluxed for 
4 h. The resulting dark brownish-green solution was cooled and left at ca 5 °C 
overnight to give a dark green microcrystalline precipitate. The crystals of trans-
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[CoCI2(diars)2]CI were filtered off, washed with cold ethanol: diethyl ether (l : 10, 10 
rnL) and diethyl ether (10 rnL), and dried in vacuo (5 mm Hg, 80 oC, 24 h). Yield: 1.0 
g, 39%. IH NMR (l4-methanol): 0 1.93 (s, 12 H, AsMe), 7.85-8.23 (m, 8 H, 
aromatics). 
The mother liquor from the isolation of trans-[CoCI2(diars)2]CI was reduced 
in volume (ca 50%) and left at 5 0C overnight. A mass of deep-red crystals formed. 
The crystals were fIltered off and recrystallised from hot water (10 rnL). The resulting 
deep-red crystals of cis-(±)-[CoCh {(RAs*Sp*)-87 }]Cl.H20 were collected and 
washed with cold ethanol: diethylether (1 : 5, 10 mL), diethyl ether (10 rnL), and dried 
in vacuo (25 oC, 5mm Hg, 24 h), 280-290 0C (decomp.). Yield: 0.52g, 11 %. Anal. 
calcd for C22H26As2NPCoCI3.0.5H20: C, 40.06; H, 4.13; N, 2.12; Co, 8.94. Found: 
C, 39.10; H, 4.0; N, 2.07; Co 8.8. IH NMR (l4-methanol): 0 1.54 (s, 3 H, AsMe), 
2.19 ( s, 3 H, AsMeMe), 2.33 (s, 3 H, AsMeMe), 2.40 (d, 3 H, 2JpH 13.47 Hz, 
PMe), 7.18 (br s, NH2), 7.50-8.38 (m, 12 H, aromatics). 3lp PH} NMR (14-
methanol; -60 oC): 085.0 (bs, 1 P). Amax (methanol): 496 nm (E 1043 L cm-l mole-I) 
(ITlg f- IAIg). 
The fIltrate from the isolation of cis-(±)-[CoC12{ (RAs*Sp*)-87}]CI.O.5H20 
was again reduced in volume to ca 30 rnL and the resulting dark brown crystalline solid 
which formed was filtered off. The mother liquor was cooled rapidly in an ice / water 
bath. Yellow-green crystals of trans-[CoC12(pN)21CI formed on standing ca 2 h. These 
were filtered off, washed with methanol / diethyl ether (1 : 1,5 rnL) and dried in vacuo 
(25 oC, 5 mm Hg, 24 h). Yield: 60 mg, 3%. IH NMR (l4-methanol): 02.78 ( t, 6 H, 
PMe), 6.62-7.90 (m, 18 H, aromatics) 3lp PH} NMR (l4-methanol): 044.7 (s, 1 P). 
The dark-brown crystalline solid was found to be a mixture composed mainly 
of the diastereomeric pentadentate complexes [CoCl {(RAs* ,RAs* ,Sp*)-88) ]C12 and 
[CoCI { (RAs * ,S As * ,Rp*)-88) ] C12, isomeric complexes of the type cis-[COCI2(PNh] CI 
and residual amounts of the quadridentate complex cis-(±)-[CoCI2 {(RA~*Sp*)-87) lCI. 
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[Unreacted starting material, (±)-(2-aminophenyl)(2-chlorophenyl)methyl- phosphine, 
(±)-73, and small quantities of the trans-cobalt(llI) complex of (±)-73 were also 
identified in the mixture]. The dark-brown solid was taken up in hot water (30 mL) 
and combined with the filtrate from the isolation of trans-[CoCI2(PNh]CI . The 
resulting dark-red solution (ca. 60 mL) was cooled, acidified with HCI (10 mL, 10 M) 
and extracted with dichloromethane (3 x 30 mL). The combined organic extracts were 
dried (MgS04), filtered and the solvent removed to give a brown residue which was 
recrystallised from methanol / diethyl ether. The resulting yellow-brown crystals of cis-
[CoC12(PNh]CI were washed with methanol / diethyl ether (1 : 1,5 mL) and dried in 
vacuo (25 oC, 5 mm Hg, 24 h). Yield: 0.80 g, 38%. IH NMR (~-methanol): 0 1.88 
(d, 3 H, 2JpH 13.6 Hz, PMe), 2.02 (d, 3 H, 2JpH 13.3 Hz, PMe), 2.15 (d, 3 H, 2JpH 
13.6 Hz, PMe), 6.65-7.88 (m, 18 H, aromatics). 31p PH} NMR (~-methanol) 0 11.6 
(s, 1 P), 35.1 (s, 1 P), 36.6 (s, 1 P). 
The mother liquor from the isolation of cis-[COCI2(PNh]CI was evaporated 
to dryness and taken up in methanol (50 mL). The more soluble isomeric pentadentate 
complex, (CoCI{(RAs*,SAs*,Rp*)-88}]CI2. was partially separated by fractional 
crystallisation using methanol / diethyl ether. Yield: 0.15 g, 4%. Final purification was 
achieved using ion-exchange chromatography as in preparation #29. IH NMR (~­
methanol): 0 1.07 (s, 3 H, AsMe), 1.46 (s, 3 H, AsMe), 1.65 (s, 3 H, AsMe), 1.92 
(s, 3 H, AsMe), 2.18 (s. 3 H, AsMe), 2.24 (s, 3 H, AsMe), 2.33 (d, 3 H, 2JpH 
12.1 Hz, PMe), 6.7-8.82 (m, 16 H, aromatics). 31p{ IH} NMR (~-methanol): 047.1 
(s, 1 P). It was found impossible, however, to separate the complex [CoCI-
{(RAs* ,RAs* ,Sp*)-88) ]C12 from the remaining residues by fractional crystallisation. 
Separation of the complex [CoCI {(RAs* ,RAs* ,Sp*)-88 }JCI2 from the residual material 
was achieved again using ion-exchange chromatography. Yield: 0.12 g, 3.3%. 
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Further work carried out on the separation of the cobalt(ill) complexes of the 
quadridentate ligand (RAs* ,Sp*)-87 and of the isomeric pentadentate ligands 
(RAs*,RAs*,Sp*)- and (RAs*,SAs*,Rp*)-88 [formed from the coupling reaction of 
sodium (2-dimethylarsinophenyl)methylarsenide, 86, and excess (±)-(2-aminophenyl)-
(2-chlorophenyl)methylphosphine, (±)-73] has shown that they may be readily 
separated using ion-exchange chromatography. This approach was successfully, though 
not efficiently, used to separate the optically active complexes (see preparation #38); a 
more efficient separation would have been achieved using a longer ion-exchange 
column. 
A note on the relative solubilities of the quadridentate and pentadentate 
complexes is appropriate. In water or methanol the solubility increases such that cis-(±)-
[COCI2{(RAs*,Sp*)-87}]CI < [CoCI{(RAs*,RAs*,Sp*)-88)]CI2« [CoCl-
{(RAs* ,SAs* ,Rp*)-88 )]Ch. The complex cis-(±)-[COCI2 {(RAs* ,Sp*)-87 )JCI is 
initially sparingly soluble in dichloromethane but on purification becomes almost 
insoluble in this solvent; probably as a result of the removal of the methanol solvate on 
purification and drying. 
The cis-[COCI2(PNh]CI complexes are also initially fairly soluble in dichloro-
methane but on purification tend to become insoluble in this solvent. The trans-
cobalt(ill) complexes of the ligands (±)-(2-aminophenyl)methylphenylphosphine, 
(PN), (±)-82, and (±)-(2-aminophenyl)(2-chlorophenyl)methylphosphine, (±)-73, are 
insoluble in dichloromethane forming oils. The trans complex of the former of these 
ligands is the least soluble in water or methanol. 
#32. Preparation of cobalt(III) complexes of (±)-(2-aminophenyl)-
methylphenylphosphine, (PN), (±)-82. (±)-(2-Aminophenyl)methylphenyl-
phosphine, (±)-82, (0.80 g, 3.72 mmol) was dissolved in methanol (30 mL). Hexaaq-
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uacobalt(II) chloride (0.44 g, 1.85 mmol) in methanol (10 mL) was added followed by 
hydrochloric acid (4 mL, 10 M) and air was drawn through the green solution for 4 h. 
The solution was flltered and the solvent removed. The dark green residual solid was 
dissolved in water (25 mL) and the solution digested for 2 h. The water was removed 
and the microcrystalline solid obtained was taken up in methanol (20 mL). Addition of 
diethyl ether (40 mL) gave a mass of yellowish-green crystals which consisted mainly 
of trans-[CoC12(PNh]Cl. The crystals were flltered off and washed with methanol / 
diethyl ether (1 : 1,5 mL) and diethyl ether (5 mL), and dried in vacuo (25 °C, 5 mm 
Hg, 24 h), m.p. 225 ± 2 oc. Yield: 0.94 g, 85%. IH NMR (c4-methanol): 02.78 (t, 
3 H, PMe). 6.63-7.95 (m, 18 H, aromatics). 31p(lH} NMR (c4-methanol): 044.7 (s, 
2 P). The spectra also contained minor resonances attributable to isomeric complexes of 
the type cis-[CoCl2(PNh]Cl: 0 2.05 (d, 3 H, 2JpH 13.3 Hz, PMe), 2.21 (d, 3 H, 
2JpH 12.9 Hz, PMe). 31p{ IH} NMR (c4-methanol): 039.4 (s, 2 P), 41.0 (s, 2 P). 
#33. Preparation of cobalt(III) complexes of (±)-(2-aminophenyl)-
methyl phenyl phosphine, (PN), (±)-82 in the presence of 1,2-phenylene-
bis(dimethylarsine), (diars), 78. (±)-(2-Aminophenyl)methylphenylphosphine, 
(±)-S2, (0.50 g, 2.32 mmol) and 1, 2-phenylenebis(dimethylarsine), 78, (0.62 g, 
2.17 mmol) were dissolved in methanol (50 mL) and hexaaquacobalt(II) chloride (0.55 
g, 2.32 mmol) in methanol (10 mL) was added followed by hydrochloric acid (5 rnL, 
10 M). Air was drawn through the dark green solution for 4 h. The solution was ftltered 
and the solvent removed. The resulting dark green microcrystalline solid was taken up 
in water (50 mL) and the solution digested for 4 h. Dark green crystals separated on 
standing at ca 5 0C overnight; trans-[CoC12(diarsh]Cl. The crystals were ftltered off 
and washed with cold ethanol / diethyl ether (1: 1,5 mL) and diethyl ether (5 mL), and 
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dried in vacuo (25 oC, 5 mm Hg, 24 h), m.p. 296 ± 3 0C. Yield: 0.68 g, 85%. IH 
NMR (c4-methanol): B 1.93 (s, 12 H, AsMe), 7.84-8.24 (m, 4 H, aromatics). 
The mother liquor from the isolation of trans-[CoCh(diarsh]CI was reduced in 
volume (ca 50%) and cooled in ice / water. Green crystals were deposited. The crystals 
were fIltered off, washed with cold ethanol / diethyl ether (1 : 1, 5 mL) and diethyl 
ether (5 mL) and dried in vacuo (25 oC, 5 mm Hg, 24 h), a mixture of trans-
[COCI2(diarsh]CI and trans-[CoCI2(PNh]Cl. Yield: 80 mg. IH NMR (c4-methanol): 
B 1.48 (t, 3 H, PMe), 1.93 (s, 12 H, AsMe) , 7.49- 8.28 (m, 26 H, aromatics). 
31p{ IH} NMR (c4-methanol): B 44.0 (s, 2 P). The fIltrate was taken to dryness and the 
resulting brown microcrystalline solid was dissolved in methanol (30 mL). Diethyl ether 
(30 mL) was added and the resulting brownish-green crystals, cis- and trans-
[COCI2(PNh]Cl, were fIltered off, washed with cold ethanol / diethyl ether (l: 1,5 
mL) and diethyl ether (5 mL), and dried in vacuo (25 oC, 5 mm Hg, 24 h) . Yield: 0.56 
g, 80%. IH NMR (c4-methanol): B 1.18 (t, 3 H, PMe), 1.48 (t, 3 H, PMe) , 6.60-8 .55 
(m, 18 H, aromatics). The IH NMR also contained a group of minor overlapping, 
poorly resolved doublet and / or triplet PMe resonances in the region B 2.05-2.33. 
31p[lH} NMR (c4-methanol): B 44.0 (s, 2 P, major), 35.2, 36.7 (s, 2 P, minor). 
#34. Cyanolysis of the cis-[COCI2(PNh]CI complexes obtained from 
the coupling reaction and of the trans-[CoCI2(PNh]CI complex prepared 
from (±)-(2-aminophenyl)methylphenylphosphine, {±)-82. A mixture of the 
diastereomeric complexes (Rp*,Rp*)- and (Rp*,Sp*)-[CoC12(PNh]CI (0.60 g, 1.01 
mmol) isolated from a coupling reaction between (±)-(2-aminophenyl)(2-chlorophenyl)-
methylphosphine, (±)-73 and sodium (2-dimethylarsinophenyl)methylarsenide, 86, 
was suspended in dichloromethane (50 mL) and potassium cyanide (0.65 g, 9.98 
mmol) in water (25 mL) was added and the mixture stirred vigorously for 1 h. The 
organic phase was separated and the solvent removed to give a pale, brownish yellow 
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residue. Only a trace amount of the free ligand was detected in the mixture of complexes 
of the type cis-[Co(CNh(PNh]CN. Yield: 0.46 g, 90%. IH NMR (<4-methanol): 0 
1.85 (d, 3 H, 2JpH 13.3 Hz, PMe), 2.00 (d, 3 H, 2JpH 13.3 Hz, PMe), 2.19 (d, 3H, 
2JpH 13.7 Hz, PMe), 6.58-7.96 (m, 18 H, aromatics). 31p(lH} NMR (<4-methanol): 
o 11.9 (s, 2 P), 37.3 (s, 2 P), 35.8 (s, 2 P). Further cyanolysis of the dicyano 
complexes in refluxing n-hexane / methanol in the presence of a tenfold excess of 
aqueous potassium cyanide for 24 h yielded the free ligand (±)-(2-
aminopheny)methylphenylphosphine, (±)-82. 
The complex trans-[Co(C12(PNh]Cl (0.5 g, 0.88 mmol» was suspended in 
dichloromethane (20 mL) and potassium cyanide (0.5 g, 7.67 mmol) in water (20 mL) 
was added and the mixture stirred vigorously for 1 h. The organic phase was separated 
and the solvent removed to give a pale yellow oily residue, containing the free ligand, 
(±)-(2-aminophenyl)methylphenylphosphine, (±)-82, and a mixture of complexes of 
the type [CO(CN2)(PNh]CN . IH NMR (<4-methanol): 0 1.59 (d, 3 H, 2JpH 3.12 Hz, 
PMe), 2.0 (d, 3 H, 2JpH 13.3~, PMe), 2.33-2.66 (m, 3 H, PMe), 6.42-8.10 (m, 18 
H, aromatics). 31p{ IH} NMR (<4-methanol): 0 -42.8 (s, 1 P, major), 37.3 (s, 2 P, 
major); minor resonances at 0 24.3 (s, 2 P), 26.4 (s, 2 P), 54.2 (s, 2 P), 56.3 (s, 2 P). 
#35. Preparation of cobalt(III) complexes of (±)-(2-aminophenyl)(2-
chlorophenyl)methylphosphine, (±)-73. (±)-(2-Aminophenyl)(2-chloro-
phenyl)methylphosphine, (±)-73, (1.0 g, 4.00 mmol) was dissolved in methanol (30 
mL). Hexaaquacobalt(m chloride (0.48 g, 2.02 mmol) in methanol (10 mL) was added 
followed by hydrochloric acid (4 mL, 10 M) and air was drawn through the green 
solution for 4 h. The solution was fIltered and the solvent removed to give a pale green 
oily residue which was found to consist mainly of free ligand, (±)-73 and trans-
[COC12 {(±)-73121Cl complex. The oil was taken up in water (50 mL) and the solution 
extracted with diethyl ether (3 x 25 mL). The aqueous phase was taken to dryness and 
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the resulting green microcrystalline residue was recrystallised from methanol / diethyl 
ether. The crystals of trans-[CoCI2 {(±)-73 h]CI were collected and washed with 
methanol / diethyl ether (1: 1, 5 mL), and diethyl ether (5 mL), and dried in vacuo (25 
oC, 5 mm Hg, 24 h), m.p. 215 ± 3 °C. Yield: 0.12 g, 9%. Anal. calcd for 
C26H26N2P2COCIs.H20: C, 45.75; H, 4.13. Found: C, 45.55; H, 4.08. lH NMR 
(d4-methanol): 0 2.06 (t, 3 H, PMe), 2.46 (t, 3 H, PMe), 7.16-7.96 (m, 16 H, 
aromatics) . 3lp{ lH} NMR (~-methanol) : 0 35.0 (bs, 2 P), 37.0 (bs, 2 P). The 
diethyl ether extracts were taken to dryness to give a pale yellow residue, (±)-73. Yield: 
0.80 g, 80%. lH NMR (dl-chloroform): 0 1.61 (d, 3 H, 2JPH 3.98 Hz, PMe) , 4.22 
(bs, 2 H, NH2), 6.64-7.40 (m, 8 H, aromatics). 3lp(1H} NMR (dl-chloroform): 0-
48.5 (s, 1 P). [In a further experiment a methanol solution of the free ligand, (±)-73, 
was treated with a twofold excess of hexaaquacobalt(ll) chloride and air drawn through 
the solution for a period of 24 h. No increase in the yield of the cobalt(llI) complex was 
apparent.] 
#36. Preparation of cobalt(III) complexes of (±)-1-(methylarsino)-2-
(dimethylarsino)benzene, (±)-79. (±)-1-(Methylarsino)-2-(dimethylarsino)-
benzene, (±)-79, (1.82 g, 6.69 mmol) was dissolved in methanol (80 mL) and 
hexaaquacobalt(II) chloride (1.60 g, 6.72 mmol) in methanol (20 mL) was added 
followed by hydrochloric acid (6 mL, 10 M) and air was drawn through the green 
solution for 4 h. The resulting green solution was filtered and the solvent removed. To 
the green residual mass was added water (80 mL) and the solution digested for 4 h. The 
solution was cooled and left at ca. 5 °C overnight to give a dark green microcrystalline 
precipitate. The crystals were filtered off and washed with cold ethanol / diethyl ether 
(1 : 1, 5 mL) and diethyl ether (5 mL), and dried in vacuo (25 °C, 5 nun Hg, 24 h); 
trans-[CoC12(diarsh]Cl. Yield: 0.98 g, 40%. 
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The mother liquor from the isolation of trans-[CoCI2(diarsh]CI was acidified 
with hydrochloric acid (10 mL, 10 M) and extracted with dichloromethane (3 x 50 mL). 
The combined organic extracts were dried(MgS04), filtered and the solvent removed. 
The resulting blue-green microcrystalline residue was washed with diethyl ether and 
dried in vacuo (25 oC, 5 mm Hg, 24 h). Further blue-green crystalline material was 
obtained when the filtrate was taken to dryness . This was recrystallised from 
dichloromethane / diethyl ether, filtered and washed with diethyl ether (5 mL), and 
dried in vacuo. Yield: 0.60g, 20%, based on a dichlorobis[(2-dimethylarsino-
phenyl)methylarsino]chlorocobalt(III) complex which could not be completely 
characterised. Anal. calcd for C18H26CoAs4CI3.2CH2Cl2: C, 27.38; H, 3.45; As, 
34.16; Co, 6.72. Found: C, 27.77; H, 3.36; As, 34.36; Co, 7.28. IH NMR (d4-
methanol): 0 1.60 (s, 3 H, AsMe), 2.50 (s, 3 H, AsMe) , 7.61-8.18 (m, 8 H, 
aromatics). The mother liquor and washings were combined and taken to dryness to 
give a pale orange-brown residue (0.60 g) which appeared to consist primarily of 
uncoordinated (2-dimethylarsinophenyl)methylarsinic acid formed by oxidation of the 
secondary arsine moiety of the ligand in acid solution. The residues also contained 
further amounts of trans-[CoCI2(diarsh]CI and of the blue-green complex described 
above. Attempts to further separate the components of this mixture by fractional 
crystallisation from a variety of solvent systems were not successful: nor was any 
separation achieved using ion-exchange chromatography. 
#37. Reaction of Sodium (2-dimethylarsinophenyl)methylarsenide, 86, 
and (±)-1-chloro-2-(methylphenylphosphino)benzene, (±)-75. Formation 
of (RAs"',Rp"')- and (RAs"',Sp"')-1-[(2-dimethylarsinophenyl)-
methylarsino]-2-(methylphenylphosphino)benzene, (±)-90. To a solution of 
(±)-I-(methylarsino)-2-(dimethylarsino)benzene, (±)-71, (3 .20 g, 0.0118 mol) 
dissolved in tetyrahydrofuran (80 mL) at 0 °C was added sodium foil (0.28 g, 0.0122 
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mol). The mixture was allowed to come to the ambient temperature and stirred 
overnight The resulting deep red solution was filtered and added dropwise to a solution 
of (±)-1-chloro-2-(methylphenylphosphino)benzene, (±)-75, (2.77 g, 0.0118 mol) 
dissolved in tetrahydrofuran (80 mL) at -78 oC. The reaction mixture was allowed to 
come slowly to the ambient temperature, stirred at a temperature of 50 ± 5 °C for 5 
days, and subsequently refluxed for 4 hours. The almost colourless solution was 
cooled to the ambient temperature and water (10 mL) was added dropwise. The solvent 
was distilled off under nitrogen. Water (100 mL) was added and the solution extracted 
with diethyl ether (3 x 50 mL). The combined organic extracts were dried (MgS04), 
filtered and the solvent removed to give a pale yellow waxy solid (5.43 g). (RAs*,Rp*)-
and (RAs * ,Sp*)-l-[ (2-dimethylarsinophenyl)meth ylarsino ]-2-(methy lpheny lphos-
phino)benzene, (±)-90, were present in a 1 : 1 ratio. Yield: ca. 60%. IH NMR (<i(j-
benzene): B 0.97 (s, 3 H, AsMe), 1.03 (d, 3 H, 2JpH 3.00 Hz, PMe) , 1.06 (s, 3 H, 
AsMe), 1.07 (s, 3 H, AsMe), 1.31 (s, 3 h, AsMe), 1.36 (s, 3 H, AsMe), 1.43 (d, 3 H, 
2JpH 4.60 Hz, PMe), 1.45 (s, 3 H, AsMe). 31p{ IH} NMR (<i(j-benzene): B -32.8 (s, 1 
P), -34.6 (s, 1 P). m/e 470.3 (M)+, 455 (M-Me)+, 439 (M-Me-NH2)+, 365 (M-
AsMe2)+. The starting material, (±)-1-chloro-2-(methylphenylphosphino)benzene, (±)-
75, and significant amounts of the reduction product, diphenylmethylphosphine, were 
also identified in the crude reaction mixture by 31p{ IH) NMR and mass spectroscopy. 
#38 . Preparation and isolation of the optically active complexes: [OC-6-
35-{S-(RAs * ,Sp*)} ]-dichloro{ 1- [(2-dimethylarsinophenyl)methylarsino] 
-2- [(2-a minophenyl)methyl phosp hino] benzene-As,As',N ,P}cobal t(III)-
chlori de, cis- [COCI2 {[S - (RAs * ,Sp*)] -87} ] CI; [0 C-6-43- {S-
(RAs* ,RAs * ,Sp*))]- and [OC-6-43-{R-(R As* ,SAs * ,Rp*)}]- [5-A mino-
1,4,11,14-tetraa rsin 0-2,3 ,6,7,9,10,12, 13-tet ra hydrotetra benzo-l,1 ,4,8, 
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11,14,14-heptamethyl-8-phosphinotetradecine-As, As', As' , , As' , , , 
P]-chlorocobalt(III) chloride, [CoCI{[S-(RAs· ,RAs· ,Sp·)]-88} ]C12 and 
[CoCI{[R-(RAs·,SAs·,Rp·)]-88}]Ch. To a solution of (±)-l-(methylarsino)-
2-(dimethylarsino)benzene, (±)-7', (0.92 g, 3.40 mmol) dissolved in tetyrahydrofuran 
(80 mL) at 0 °C was added sodium foil (0.078 g, 7.4 mmol). The mixture was allowed 
to come to the ambient temperature and stirred overnight. The resulting deep red 
solution was filtered and added dropwise, over a period of two hours, to an excess of 
(R)-(2-aminophenyl)(2-chlorophenyl)methylphosphine, (R)-73, (1.25 g, 5.00 mmol) 
dissolved in tetrahydrofuran (60 mL) at -78 °C. The reaction mixture was allowed to 
come slowly to the ambient temperature, heated at a temperature of 45 ± 5 °C for 5 
days and subsequently refluxed for 4 hours. The almost colourless solution was cooled 
to the ambient temperature and water (10 mL) added. Further water (50 mL) was added 
and the resulting solution extracted with diethyl ether (3 x 50 mL). The combined 
organic extracts were dried (MgS04), fIltered and the solvent removed to give a highly 
viscous orange oil. 
The orange oil was taken up in hot methanol (50 mL). Hexaaquacobalt(ll) 
chloride (1.15 g, 0.0048 mol) in methanol (10 mL) was added followed by 
hydrochloric acid (5 rnL, 10 M) and air was drawn through the solution for a period of 
four hours. The solution was filtered and the solvent removed. The residue was 
triturated with hot diethyl ether (2 x 25 mL) to remove residual unreacted (R)-73 and 
dried. To the green, residual mass was added water (50 mL) and the solution digested 
for 4 hours. The resulting dark greeen solution was cooled and left at 5 °C overnight to 
give a dark green microcrystalline precipitate. The crystals of trans-[CoCI2(diars)2]CI 
were filtered off. Yield: 0.48 g, 38%. The mother liquor was reduced in volume (ca 
50%) and again cooled to 5 °C and left for 24 h. A further small quantity (ca 10 mg) of 
trans-[CoCl2(diars)2]CI formed and this was again filtered off. The mother liquor, 
which was now a deep red colour, was taken to dryness to give a dark brown residue 
(0.75 g) which was a mixture of the complexes cis-[CoCl2 ([S-(RAs* ,Sp*)]-
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87}]Cl, [CoCl{ [S-(RAs* ,RAs* ,Sp*)]-88}]CI2 and [CoCI-{ [R-(RAs* ,SAs* ,Rp*)]-
88} ]C12. Also present in the mixture was a substantial quantity of isomeric complexes 
of the type cis-[CoC12(PNh]Cl. The latter complexes (ca 0.4 g) were removed from an 
aqueous solution of the residual material by extraction with dichloromethane. Small 
quantities of the complex cis-[CoC12{[S-(RAs*,Sp*)]-87}]CI were also, however, 
present in the dichloromethane extracts and the complexes cis-[CoCI2(PNh]CI could 
not be obtained in a pure form. 
The aqueous phase was taken to dryness and the brown residue (0.25 g) 
was dissolved in a minimum amount of methanol. The resulting deep red solution was 
.X2 
filtered and loaded onto an ion-exchange column (8 x 100 mm, Dowex 50W). The 
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column was eluted (0.25 M HCI / methanol) and successive 100 mL fractions of eluant 
collected. 
Fractions 1 and Z contained almost pure cis-[CoCI2 {[S-(RAs* ,Sp*)]-87} ]Cl. 
These was taken to dryness, and taken up in hot dichloromethane (25 mL). The 
resulting red solution was filtered and the solvent again removed. Recrystallisation from 
methanol / diethyl ether gave deep red crystals of pure cis-[CoCI2 {[S-(RAs* ,Sp*)]-
87 }]CI, m.p . 290 0C (decomp.). Yield: 50 mg. Anal. calcd for 
C22H26As2NPCoCI3.0.5H20: C, 40.06; H, 4.13; N, 2.12. Found: C, 39.86; H, 4.09; 
N, 2.15. ex +1720 (589 nm, c 0.266, methanol), ex +1650 (578 nm, c 0.668, 
methanol) , ex -2550 (546 nm, c 0.266, methanol) and ex +6080 (436 nm, c 0.266, 
methanol) . IH NMR (c4-methanol): 0 1.54 (s, 3 H, AsMe), 2.19 (s, 3 H, AsMeMe), 
2.33 (s, 3 H, AsMeMe), 2.40 (d, 3 H, 2JpH 13.47 Hz , PMe), 7.18 (br s, 2 H, 
NH2), 7.50 - 8.38 (m, 12 H aromatics). 31p(lH} NMR( c4-methanol): 085 (bs, 1P). 
Fraction 1 contained almost pure [CoCI([R-(RAs*,SAs*,Rp*)]-88}]C12. The 
brownish solid obtained from this fraction was recrystallised from methanol / diethyl 
ether to give orange-red prisms of pure [CoCI{[R-(RAs*,SAs* ,Rp*)]-88}]CI2, m.p. 
240 oC (decomp.). Yield: 16 mg. ex +1920 (589 nm, c 0.60, methanol) and ex +2330 
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(578 nm, c 0.296, methanol). IH NMR (c4-methanol): ~ 1.07 (s, 3 H, AsMe), 1.46 
(s, 3 H, AsMe), 1.65 (s, 3 H, AsMe), 1.92 (s, 3 H, AsMe), 2.18 (s, 3 H, AsMe), 
2.24 (s, 3H, AsMe), 2.33 (d, 3 H, 2JpH 12.1 Hz, PMe), 6.7 - 8.82 (m, 16 H, 
aromatics). 31p(lH} NMR (c4-methanol): ~ 47.1 (s, 1 P). 
Fraction.H contained almost pure [CoCl([S-(RAs*,RAs*,Sp*)]-88}]Cl2. The 
yellow-brown solid obtained from this fraction was recrystallised from methanol/ 
diethyl ether to give bright orange prisms of pure [CoCl([S-(RAs*,RAs*,Sp*)]-
88 }]Cl2. m.p. 240 °C (decomp.) .Yield: 25 mg. Anal. calcd for C3IH38NPAs4-
CoCl3. 2H20: C, 38.92; H,4.42; N, 1.46. Found: C, 38.20; H,4.40; N, 1.59. ex 
+380 (589 om, c 0.940, methanol), ex +580 (578 nm, c 0.940, methanol), ex +1760 
(546 om, c 0.940, methanol), ex +1860 (436 nm, c 0.940, methanol). IH NMR (c4-
methanol): ~ 1.69 (d, 3 H, 2JpH 11.5 Hz, PMe), 1.76 (s, 3H AsMe), 1.84 (s, 3 H, 
AsMe), 2.17 (s, 3 H, AsMe), 2.49 (s, 3 H AsMe), 2.63 (s, 3H, AsMe), 2.81 (s, 3 H, 
AsMe), 6.65 - 8.66 (m, 16 H, aromatics). 31p (lH) N:MR (c4-methanol) ~ 46.5 (s, 1 
P) . 
#39. Cleavage of the As-N bond of (RAs·,RAs·,Sp*)- and 
(RAs·,S As· ,Rp·)-S-amino-l,4,11,14-tetraarsino-2,3,6, 7 ,9,10,12,13 -
tetra hydrotetra benzo-l, 1,4,8,11,14,14 -he pta met hy 1-8- phos phi notetra-
decine, (RAs·,RAs"',Sp"')- and (RAs·,SAs·,Rp*)-88. Formation of (±)-
(2-aminophenyl)dimethyl{2-[(2-dimethylarsinophenyl)methylarsino]-
phenyl}phosphonium iodide, (±)-91. A portion of the crude oil (3.8 g) from a 
coupling reaction using equimolar quantities of sodium (2-dimethylarsinophenyl)-
methyl arsenide, 86, and (±)-(2-aminophenyl)(2-chlorophenyl)methylphosphine, (±)-
73, was taken up in benzene (50 mL) and added slowly to a suspension of potassium 
hydride (5 g) in the same solvent (100 mL). The mixture was stirred at 50 ± 5 °C for 24 
hours. The benzene phase was decanted off and the pale yellow solid remaining 
extracted with benzene (2 x 25 mL). The combined benzene phases was dried (MgS04) 
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and filtered. The pale yellow benzene solution was cooled to 0 °C and a solution of 
iodomethane (5 g) in benzene (25 mL) added dropwise until the solution became 
colourless. The mixture was allowed to come to the ambient temperature. A pale orange-
brown solid formed after ca. 20 mins. The solid was fIltered off, washed with benzene 
(3 x 10 mL) and recrystallised from hot dichloromethane (10 mL). The resulting pale, 
orange-brown microcrystalline solid, (±)-91, was collected and dried in vacuo (25 °C, 5 
nun Hg, 24 h) . Yield: 0.58 g. Anal. calcd for C23H29As2NPI: C, 44.04; H, 4.66; N, 
2.23. Found: C, 45.2; H, 4.78; N, 2.19. IH NMR (d2-dichloromethane): 00.70 (s, 3 
H, AsMe), 0.90 (s, 3 H, AsMe), 1.13 (s, 3 H, AsMe), 2.74 (d, 3 H, 2JpH 13.2 Hz, 
PMe), 2.98 (d, 3 H, 2JpH 13.6 Hz, PMe), 4.35 (s, 2 H, NH2), 6.92-8.12 (m, 18 H, 
aromatics) . 31p PH} NMR (d2-dichloromethane): 0 17.4 (s, 1 P). m/e 627.2 (M)+, 
500.3 (M-I)+, 485.2 (M-I-Me)+, 380.2 (-AsMe2)+' IR (KBr): (VN-H) 3413 em-I. The 
mother liquor from the isolation of (±)-91 was taken to dryness to give a waxy yellow 
oil which was found to consist mostly of 1,2-phenylenebis(dimethylarsine), 78, and 
(±)-(2-aminophenyl)methylphenylphosphine, (±)-82, in appr~ximately a 1: 1 ratio. IH 
NMR (d2-dichloromethane): 0 1.18 (s, 12 H, AsMe), 1.56 (d, 3 H, 2JpH 2.76 Hz, 
PMe), 4.16 (bs, 2 H, NH2), 6.62-7.84 (m, 13 H, aromatics) . 31p{ IH} NMR (d2-
dichloromethane): 0 -42.6 (s, IP). 
#40. Cyanolysis of the complex (±)·[CoCI{(RAs*,RAs*,Sp*)· 
88}] CI. 7H20. Isolation of (R * ,S*)·(±)·1.[(2.dimethylarsinophenyl)-
methylarsino] -2- [(2-aminophenyl)methyl phosphino] benzene, (RAs *,S p*)-
87. The complex(±)-[CoCl{ (RAs*,RAs*,Sp*)-88}]C1.7H20 (1.03 g, 0.98 mmol) was 
suspended in benzene (80 mL) and potassium cyanide (0.66 g, 0.010 mol) in water (40 
mL) added and the suspension stirred vigorously. A yellow solid formed after about 15 
minutes.The yellow solid, (±)-[Co(CN)2{ (RAs*,Sp*)-87}]CN, was fIltered off, washed 
with benzene (2 x 10 mL), methanol (20 mL), methanol/water (1 : 1,20 mL) and 
166 
methanol (20 mL), and dried in vacuo (80 oC, 5 mm Hg, 24 h), m.p. 315-320 0C 
(decomp.). Yield: 0.56 g, 92%. Anal. calcd for C2SH26As2CoN4P: C, 48.25; H, 4.21 ; 
N, 9.00. Found: C, 47.90; H, 4.12; N, 8.55. IH NMR (d4-methanol, ca 2% DCl): 0 
1.83 (s, 3 H, AsMe), 2.05 (s, 3 H, AsMe), 2.37 (s, 3 H, AsMe), 2.76 (d, 3 H, 2JpH 
11.0 Hz, PMe), 6.55-8.81 (m, 18 H, aromatics). 31p{lH} NMR (d4-methanol): 0261 
(s, 1 P). IH NMR (d{;-dimethylsulfoxide): 0 1.71 (s, 3 H, AsMe), 1.87 (s, 3 H, AsMe) , 
2.16 (s, 3 H, AsMe), 2.51 (d, 3 H, 2JpH 11.0 Hz, PMe), 5.73 (bs, 2 H, NH2), 5.90-
8.68 (m, 18 H, aromatics). 31p(1H} NMR (d6-dimethylsulfoxide): 0263 (s, 1 P). 
The complex [Co(CNh (RAs* ,Sp*)-87} lCN (0.56 g, 0.90 mmol» was suspended 
in benzene (50 mL) and potassium cyanide (2 g) in water (20 mL) added. The mixture 
was refluxed for 48 h and then the benzene phase was separated, dried (MgS04), filtered 
and the solvent removed to yield a pale, yellow waxy solid, (±)-1-[(2-
dimethylarsinophenyl)methylarsino] -2-[(2-aminophenyl)methy lphosphino 1 benzene, (±)-
87. Yield 0.18 g, 41%. IH NMR (d{;-benzene) 00.86 s, 3 H, AsMe), 0.92 (s, 3 H, 
AsMe), 1.18 (s, 311, AsMe), 1.55 (d, 3 H, 2JpH 6.2 Hz, PMe), 4.15 (bs, 2 H, NH2) , 
6.98- 8.17 (m, 18 H, aromatics). 31p(1H} NMR (d{;-benzene) 0 -49.8. m/e 485 (M)+. 
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Synthesis, Resolution and Reactions of { + ) - {2-Amino-
phenyl)methylphenylphosphine. Crystal and Molecular 
Structure of (R* ,R* ,S* ,R* )-{ + )-(1 ,3-Bis{[2-{methylphenyl-
phosphino)phenyl]amino}propane)nickel{lI) Perchloratet 
Carol ine E. Barclay,a Geoffrey Deeble,a Roy J . Doyle,a Sharon A . Elix,a Geoffrey Salem,*·a 
Timothy L. Jones,b S. Bruce Wild * ,b and Anthony C . Willisb 
a Chemistry Department, The Faculties, Australian National University, Canberra, A.C. T. 0200, Australia 
b Research S chool of Chemistry, A ustralian National University, Canberra, A.C.T. 0200, Australia 
Asymmetric bidentate (± )-(2-aminophenyl)methylphenylphosphine has been prepared in 80% yield 
from (2-aminophenyl)diphenylphosphine via the secondary phosphine (±) - (2-aminophenyl)phenyl-
phosphine. The chiral tertiary phosphine has been resolved by the method of metal complexation via the 
separation by fractional crystallisation of a pair of internally diastereomeric palladium(lI) complexes 
containing the racemic ligand and (5) - [1- (1 -ethyl)naphthyl]dimethylamine. The optically pure 
antipodes of the phosphine have ", ± 160· (589 nm. CH 2CI2 ) . A number of square-planar bis(bidentate 
ligand) complexes of bivalent nickel. palladium and platinum containing the various forms of the ligand 
have been prepared and their solution behaviour studied by 'H and 31P_{'H} NMR spectroscopy. 
Monodeprotonation of the co -ordinated amino groups in the complexes has also been achieved by 
reaction with anhydrous sodium carbonate in acetone. The palladium(lI) and platinum(lI) complexes 
form cis diastereomers exclusively, whereas trans diastereomers were observed for the nickel(lI) 
analogues. Furthermore. most of the complexes are kinetically labile. Reaction of (±) - (2-
aminophenyl)methylphenylphosphine with n-butyllithium and N.N.N ',N ' -tetramethylethylenediamine 
in tetrahydrofuran followed by the addition of 1 ,3-bis(p-tolylsulfonyloxy) propane gave the quadri-
dentate ligand (R* .R*) - and (R* .5*) -1.3- bis{[2 - (methylphenylphosphino) phenyl] amino }propane. 
The (R*.R*) and (R* .5*) forms of the quadridentate ligand have been separated by complexation to 
nickel(II) . The structure of the nickel(lI) complex containing the (R*.R*) form of the quadridentate 
ligand, viz. (R*.R* ,5* ,R*) - (1 ,3-bis{[2- (methylphenylphosphino) phenyl]amino}propane) nickel(lI) 
perchlorate, has been determined by X-ray crystallography. 
Over the past decade we have carried out a number of 
investigations concerning the dynamic behaviour in solution of 
bis(bidentate ligand) complexes of bivalent nickel , palladium 
and platinum containing ligands bearing at least one chirotopic 




impetus for the work has been the paucity of information in the 
literature concerning dynamic processes of complexes of this 
type in solution , and our belief that a detailed knowledge of such 
behaviour must precede any rational approach towards the 
design and synthesis of related transition metal-based chiral 
auxiliaries that can be successfully used in enantioselective 
syn thesis and ca talysis . 
Early work on complexes containing the diastereomers and 
enantiomers of I ,2-phenylenebis(methylphenylarsine), dias, and 
its phosphorus analogue, diph, provided the first direct evidence 
of ligand exchange in square-pyramida l complexes containing 
bis(tertiary arsines) . 1.2 Ligand redistribution was also observed 
for quare-planar bis(tertiary arsine)nickel(lI) complexes but 
not for the paliadium(lI) and platinum(lI) analogues. 0 
evidence for in termolecular bidentate ligand exchange was 
observed for any of the complexes containing the bis(tertiary 
phosphine). Redistribution of the bidentate ligands between 
different metal centres in complexes of this type is readily 
t Supplementary data available: see Instructions for Authors, J. Chem. 
Soc., Dalton Trans., 1995 , Issue I, pp. xxv- xxx. 
Non-Sf unit employed: mmHg "" 13.6 x 9.8 Pa. 
monitored by 1 H NMR spectroscopy as interconversion 
between racemic and meso diastereomers is only compatible 
with ligand exchange as these internally diastereomeric cations 
are not related by an internal axis of rotation. The earlier work 
also confirmed the presence ofaxial-halogeno ligand exchange 
in square-pyramidal cations of the type [MX(bidentate 
ligandh] + (X = Cl, Br or I; bidentate ligand = diph or dias) 
with the rate of exchange increasing in the order Ni ~ Pd < PI. 
Hitherto, the only related work concerned the lability of the 
axial-halogeno bond in the square-pyramidal cations [MX-
(diars)2] + [M = i,6 Pd 7 or pt ;6 diars = 1,2-phenylene-
bis(dimethylarsine)] and [MX(tetars)] + (M = Ni, Pd or 
Pt ; tetars = I ,2-bis{[3-(dimethylarsino)propyl]phenylarsino}-
ethane 8). Of particular significance, however, was the discovery 
of facile intramolecular isomerisation of the chelate rings in 
square-planar and square-pyramidal complexes of ill , Pd ll and 
Pt ll containing di(tertiary arsines) and di(tertiary pho phines). 
The process proceeded in a stepwise manner via five-eo-ordina te 
intermediates and hence only occurred for square-planar 
cations in the presence of a catalytic amount of halide ion . 1.2.9 
Furthermore, the rate of isomerisation appeared to be invariant 
of the nature of the metal centre. 
Later work focused on related complexes of bivalent nickel , 
palladium and platinum containing the diastereomers and 
enantiomers of the asymmetric bidentate ligand I-(methyl-
phenylarsino)-2-(methylphenylphosphino)benzene, phas.3 All 
possible stereoisomers of the different species were detected 
and unambiguously identified . Axial-halogeno exchange and 
58 
redistribution of the bidentate ligands in the presence of free 
ligand was observed for a ll of the square-pyramidal complexes. 
No evidence of ligand exchange was observed for any of the 
squa re-planar derivatives, a lthough facile intramolecular cis-
trans isomerism was observed for [Ni{(R* ,S*)-phas}2J[CI04J2 
in CD3C . Presumably the isomerisation proceeded via a five-
co-ordina te species involving co-ordinated CD3CN. Square-
planar bis(bidentate ligand) complexes of Ni", Pd" and Pt" 
containing the racemic and optically active fonns of the 
deprotonated asymmetric bidentate ligands methylphenyl(2-
sulfanylethyl)a rsine, L, and its phosphorus analogue, L', were 
also investigated.4 Ligand redistribution was rife in solutions 
of these complexes under ambient conditions, especially for 
the nickel and palladium derivatives of the tertiary a rsine. 
Furthennore, trans diastereomers were observed exclusively 
for the nickel(n) complexes and cis diastereomers for [Pt(L')2l 
Both cis and trans isomers were detected for the analogous 
palladium(n) compounds and [Pt(Lhl More recent work was 
concerned with related complexes contai ning asymmetric 
bidentate ligands bearing both soft and hard donor atoms 
rather than two soft donor atoms. Square-planar and square-
pyramidal bis(bidentate ligand) complexes of Pd" and Pt" 
containing (± )-methylphenyl(8-quinolyl)arsine and its phos-
phorus analogue were prepared in enantiomerically and 
diastereomerically homogeneous fonns and thei r behaviour 
in solution was investiga ted by variable-temperature NMR 
spectroscopy. 5 All of the cations had the cis co-ordination 
geometry and underwent facile intermolecular ligand redistribu-
tion (As> P) for both metals (Pd > Pt). The square-pyramidal 
cations showed, in addition, even more rapid axia l-ch loro site 
exchange. The exclusive fonnatio n of cis diastereomers is in 
accordance with Pearson 's antisymbiosis: ' two soft ligands in 
mutual trans position will have a destabilising effect on each 
other when attached to class b metal atoms.' 10 
We describe herein the synthesis and resolution of ( ± )-
(2-aminophenyl)methylphenylphosphine and the dynamic 
behaviour in solut ion of square-planar bis(bidentate ligand) 
complexes of bivalent nickel , palladium and platinum 
containing the enantiomeric fonns of the ligand . Studies of this 
type have important implications in the area of asymmetric 
synthesis since optically active bidentate ligands containing 
dissimilar donors are capable of exercising stereoelectronic 
control over the reactions of co-ordina ted substrates. The 
synthesis of the quadridentate ligand (R * ,R*)- and (R * ,S*)-I ,3-
bis{[2-(methylphenylphosphino )phenylJami no }propane using 
( ± )-(2-aminophenyl)methylphenylphosphine as a precursor is 
also presented . Although a number of acyclic quadridentate 
ligands with PN 2P donor atoms have been reported in the 
literature, I I 13 this is the first example of a ligand incorporating 
two I ,2-phenylene linkages and having stereogenic phosphorus 
donor atoms. 
Experimental 
Procedures and Materials.-R eactions involving air-sensitive 
compounds were performed under argon using the Schlenk 
technique. Solvents were dried and purified by distillation 
under argon. The NMR spectra were recorded on a Varian 
Gemini 300 spectrometer (' H at 300 MHz and 3IP_{IH } at 
121 .5 MHz); chemical shifts a re reported as Ii values relative to 
internal SiMe4('H) and external 85% H3P04 e' p-{' H}). 
Optical rotations were measured wi th an Optical Activity AA-
10 or a Perkin-Elmer model 24 1 polarimeter on the specified 
solut ions in I dm cells at 20 DC. Elemental analyses were 
perfonned by staff within the Research School of Chemistry. 
The compounds (2-ami nophenyl)diphenylphosphine,'4 ( + )s89-di-ll-chloro-bis{ (S)- I-[ 1-(dimethylamino)ethyIJnaph-
thyl-C 2,N}dipalladium(n) (S)_ 1,15 (R* ,R *)- I ,2-phenylene-
bis(methylphenylphosphine), 16 di-ll-chloro-bis{2-[(dimethyl-
amino)methyIJphenyl-C2 ,N }dipalladium(n) 17 and dichloro-
(cycloocta- I ,5-diene)platinum(n) 18 were prepared by published 
procedures. 
J. CHEM. soc. DALTON TRANS. 1995 
Synthesis of (± )-(2-Aminophenyl)phenylphosphine, (±)-
L I.- Lithium foil (4.40 g, 634 mmol) was added to a solution of 
(2-aminophenyl)diphenylphosphine (58.6 g, 211 mmol) in 
tetrahydrofuran (thl) (400 cm3) and the reaction mixture stirred 
overnight. Water (50 cm3) was added dropwise to the deep 
orange solution and the thf removed by distillation. The residue 
was extracted with dichloromethane (3 x 50 cm3), dried over 
anhydrous MgS04, filtered and the solvent removed by 
evaporation . Distilla tion of the crude product gave the 
secondary phosphine as a colourless, a ir-sensitive liquid (35 .8 g, 
84%), b.p. 108- 110 DC (0.05 mmHg); IH NMR (CDCl3) Ii 3.84 
(br s, 2 H, NH2), 5.08 (d , I H, 1 J pH 222 Hz, PH), 6.58- 7.42 
(m, 9 H, aromatics); mJz 20 I (M) +, 123 (M - PhH) +. 
Synthesis of (± )-(2-Aminophenyl)methy lphenylphosphine, 
( ± )- L2.-Sodium foil (3.34 g, 146 mmol) was added to a 
solut ion of (± )-L I (29.3 g, 146 mmol) in thf (250 cm3) and the 
mixture stirred for 3 h. The resulting clea r yellow solution was 
added dropwise to a stirred solution of methyl iodide (20.66 g, 
146 mmol) in thf (150 cm3) at -78°C. After the addition was 
com plete the reaction mixture was a llowed to wann to room 
temperature overnight. The solvent was removed and the 
residue extracted with dichloromethane (50 cm 3) and water (50 
cm3). The aqueous layer was extracted with more dichloro-
methane (2 x 50 cm 3) and the combined organic layers were 
dried over anhydrous MgS04 . The solvent was removed under 
reduced pressure and the crude product purified by distillation 
to give the tertiary phosphine as a colourless, air-sensitive 
liquid (28.2 g, 90%), b.p. 124--126°C (0.05 mmH g) (Found : 
C, 72.7; H , 6.8. Calc. for C I3 H I4NP: C, 72.6; H, 6.5%); ' H 
NMR (CDCl 3) Ii 1.58 (d, 3 H , 2 J pH 3.3 Hz, PM e), 4.07 (br s, 
2 H, NH 2), 6.50- 7.39 (m, 9 H, aromatics); 3I P_{IH } NMR 
(CDCl3) Ii - 42.8 (s, I P); mJz 215 (M)+, 200 (M - Me) +, 
122(M - C6 H5NH2) +' 
Resolution of( ± )_ L2. Formation and S eparation of Internally 
Diastereomeric Complexes. [SP-4-2-(S) ,(S)]-[(2-Aminophenyl)-
melhy lphenylphosphine-N,PJ { 1-[ 1-(dime thy lamino)ethyI Jnaph-
thyl-C2 ,N} palladium(n) Hexajfuorophosphate, (S,S )-Zb.- To 
a suspension of the resolving agent (S)- l (13.95 g, 20.5 
mmol) in methanol (150 cm3) was slowly added a soluti on of 
(± )-L 2 (8.83 g, 41 .0 mmol) in methanol (50 cm3) with stirring. 
To the resulting pale ye llow solution of dias tereomeric chloride 
salts (S,S)-Za and (R ,S)-Za , an aqueous solution of NH 4 PF 6 
(20.2 g, 124 mmol in 50 cm3 of water) was added dropwise, 
followed by a further 50 cm3 of water. The resulting white 
precipitate was collected, washed with water (200 cm3), diethyl 
ether- methanol (4 : I, 100 cm 3) and diethyl ether ( 100 cm3), and 
then dried in vacuo (25 .0 g, 92%). (J. + 34.7° (589 nm, c 1.013 g 
per 100 cm3, Me2CO). The I : I diastereomeric mixture was 
dissolved in dichloromethane ( 100 cm3) and propan-2-01 
(50 cm3) added to give almost pure (S,S)-Zb. Recrystallisation 
of this material from the same solvent mixture gave the pure 
diastereomer as colourless rosettes (8 .13 g, 33%), m.p. 252-
256°C (Found : C, 49.0; H, 4.7; N , 4.1. Calc. for C27H30F6N2-
P2Pd: C, 48.8; H, 4.6; N , 4.2%). (J. + 163° (589 nm, c 1.02 g, per 
100 cm3, Me2CO). I H NM R [(CD 3hCO]: Ii 1.93 (d , 3 H, 3 J IIH 
6.4 , CHMe) , 2.52 (d, 3 H, 3 J pH 10.2, PMe), 2.97 (d , 3 H, 3 JI,u 1.5, 
NMe), 3.22 (d, 3 H, 3 J pu 3.4 Hz, NMe), 4.74 (m, I H, CHMe), 
6.35 (br s, I H, NH), 6.65 (br S, I H, NH) , 7.30- 8.06 (m, 15 H, 
a romatics). 
Isolation of [SP-4-2-(R ),(S)]-[(2-Aminophenyl)methylphenyl-
phosphine-N,PJ { 1-[ 1-(dimethy lamino)ethy IJnaphthy l-C 2 ,N }-
palladium(n) Hexajfuorophosphate, (R,S )-Zb.- After removal 
of the first crop of (S,S)-Zb, the mother-liquor was evapor-
a ted to dryness and the residue recrysta llised twice fro m 
acetone-d iethyl ether to afford (R,S)-Zb as colourless needles 
(6.88 g, 28%), m.p. 201 - 205 °C (Found: C, 48.5; H, 4.6; N, 
4. 1. Calc. for C27H30F6N 2P2Pd: C, 48 .8; H, 4.5; N , 4.2%). 
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[(CD3hCO]: b 1.93 (d , 3 H, 3 J HH 6.3, CHMe) , 2.29 (d, 3 H , 2 J pH 
10.5, PMe), 2.98 (d, 3 H, 3J pH 1.7, NMe), 3.20 (d, 3 H, 3J pH 3.4 
Hz, NMe), 4.73 (m, I H , CHMe) , 6.20 (br s, I H, NH), 6.83 (br 
s, I H , NH), 6.91 - 8.26 (m, 15 H, aromatics). 
Prep~ration of [SP-4-2-(R)]-[(2-Aminophenyl)methylphenyl-
phosphme-N,P]dlchloropalladium(n) , (R)-3.- Diastereomeric-
ally pure (R ,S)-2b (2.6 g, 3.9 mmol) was dissolved in con-
centrated sulfuric acid (IS cm3) and the solution poured ooto 
Ice (100 g). Lithium chloride (3 .8 g, 90 mmol) was added and the 
mixture extracted with dichloromethane (250 cm3). The aqueous 
layer was washed with more dichloromethane (3 x 20 
cm3) and the combined organic layers were dried over 
anhydrous MgS04. The solvent was removed and the residue 
recrystallised from hot methanol to give pure (R)-3 as fine 
yellow needles (1.4 g, 91 %), m.p. 225°C (decomp.) (Found : 
C, 39.2; H, 3.3; N , 3.4. Calc. for C 13 H I4Ci 2NPPd: C, 39.8; 
H , 3.6; N , 3.6%). (J. _ 42° (589 nm, c 1.05 g per 100 cm3, 
Me2SO). IH NMR [(CD3)2S0]: b 2.26 (d, 3 H , 2J pH 12.6 Hz, 
PMe), 7.43- 7.87 (m, II H , NH 2 and aromatics) . 31 p- e H} 
NMR [(CD3h SO]: b 41.1 (s, I P). 
Preparation of [SP-4-2-(S)]-[(2-Aminophenyl)melhylphenyl-
phosphine-N,P]dichloropalladium(n) Hemihydrate, (S)-3.- This 
compound was prepared in the same way as its enantiomer in 
88% yield, m.p. 225°C (decomp.) (Found : C , 39.0; H, 3.2; N, 
3.3. Calc. for C13H1SCi2NOo.sPPd: C, 38.9; H , 3.8; ,3.5%). 
(J. +42° (589 nm, c 0.93 g per 100 cm3, Me2SO). IH MR 
[(CD 3h SO]: identical to the spectrum recorded for (R )-3. 
Preparation of (S)-( - )ss9-(2-Aminophenyl)methylphenyl-
phosphine, (S)-L 2 .-M ethod A . A solution of potassium cyanide 
(2 g, 31 mmol) in water (20 cm3) was added to a solution of 
enantiomerically pure (R)-3 (2.1 g, 5.4 mmol) in dichloro-
methane (100 cm3) and the mixture shaken vigorously for a few 
minutes to give an a lmost colourless organic phase. The organic 
layer was separated off and the aqueous layer washed with more 
dichlorometha ne (3 x 20 cm 3). The combined organic layers 
were dried over anhydrous MgS04, filtered and the solvent 
removed under reduced pressure to give optIcally pure (S)-L 2 
as a colourless, viscous oi l (1.06 g, 92%). (J. - 160° (589 nm, 
cO.92 g pe~ 100 cm3, Me2CO) . IH (CDCI3) and 31 p-e H } MR 
(CDCI3): Identical to the spectra recorded for the racemic 
compound ( ± )-L 2. 
M ethod B. A solution of the complex (R ,S)-2b (5.02 g, 
7.55 mmo!) In dlchloromethane (200 cm3) was treated with a 
solution of (R* ,R*)-I ,2-phenylenebis(methylphenylphosphine) 
(2.41 g, 7.47 mmol) in dichloromethane (100 cm3). The mixture 
was stirred for I h and then concentrated to ca. 25 cm3 under 
reduced pressure. n- Hexane (250 cm3) was added to the solution 
to afford a white precipitate which was collected , washed with 
n-he.xane (3 x 30 cm3) a nd dried in vacuo (5 .65 g, 98%). 
[ThiS by-product consisted of the internally diastereomeric 
palladium(n) complexes, (SS,S)- and (RR,S)-4.] The mother-
Itquor was evaporated to dryness to give optically pure (S)-L 2 
(1 .56 g, 97%). 
Preparation of (R)-( + hS9-(2-Aminophenyl)methy lphenyl-
phosphine, (R)_L2._ This compound was prepared in the same 
ma nner as its enantiomer in yields of76 and 98% using methods 
A and B, respectively. (J. + 160° (589 nm, c 1.03 g per 100 cm3, 
Me 2CO). 
Mono(bidentate ligand) Complexes. Preparation of( ± )-[SP-
4-2]-[(2-Aminophenyl)methy lphenylp/lOsphine-N ,P]dichloro-
palladium(n) , (± )-3.-A solu tion of (± )-L 2 (2.06 g, 9.6 mmol) 
In methanol (5 cm3) was slowly added to a stirred suspension of 
the dimer di-~-chloro-bis{2-[(dimethylamino)methyl]phenyl­
C 2 ,N }dipalladium(n) (2.66 g, 4.8 mmol) in methanol (65 cm3). 
Anaqueous solu tionofNH4PF6(3 .12g, 19.1 mmolin IOcm30f 
water) was added to the solution to give a yellow precipitate 
which was collected and dried in vacuo. The precipitate was 
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dissolved in the minimum amount of acetone and hydrochloric 
aCid (10 mol dm 3, 15 cm3) added to afford the dichloro 
complex (± )-3. The complex was recrystallised from hot 
methanol as fine yellow needles (2.90 g, 77%), m.p. 224°C 
(decomp.) (Found: C, 39.6; H , 3.5; N , 3.5 . Calc. for C 13-
H I4Ci 2NPPd: C, 39.8; H, 3.6; N, 3.6%). IH [(CD 3hSO] and 
31 p- e H} NMR [(CD3h SO] identical to the spectra recorded 
for the optically active analogues. 
Preparation of (± )-[SP-4-2]-[(2-A minophenyl)methylphen-
y lphosphine-N,P]dichloroplatinum(n), ( ± )-5.-Anhydrous 
sodlU.m carbo.nate (0.5 g, 4.7 mmol) and dichloro(cycloocta-
1,5-dlene)platlnum(n) ( 1.25 g, 3.4 mmol) were suspended in 
methanol (70 cm3) and the mixture boiled for 5 min . The hot 
s~lution was filtered and (± )-L 2 (0.72 g, 3.4 mmol) added to the 
stIrred solutIOn . Hydrochloric acid (10 mol dm 3,20 cm3) was 
added and the volume of the solution reduced to ca. 35 cm3 to 
give an off-white precipitate. The solid was collected and 
recrystallised from dichloromethane-methanol to give fine 
white needles of ( ± )-5 (0.9 g, 56%), m.p. 248°C (decomp.). 1 H 
NMR [(CD3h SO]: b 2.19 (d, 3 H, 2 J pH 12.2 Hz, PMe), 7.37- 8.45 
(m, II H , NH2 and a romatics). 31 P- C H} MR [(CD3)2S0]: 
b 11.16 (s, I P, IJ pIP 3837 Hz). 
Bis(bidentate ligand) Complexes. Preparation of( ± )-[S P-4-1 -
(R* ,R*)]-Bis[(2-aminophenyl)methylphenylphosphine ]nickel(lI ) 
Perchlorate, (R *,R *)-6.- A solution of ( ± )-L 2 (2.13 g, 9.9 
mmol) in acetone (50 cm3) was added to a solution of 
hexaaquanickel(n) perchlora te (1.81 g, 5.0 mmol) in acetone 
(50 cm3) and the mixture stirred for I h. The volume of the 
solution was reduced to ca. 20 cm3 and diethyl ether added to 
give deep orange prisms of (R* ,R *)-6 (2.86 g, 84%), m.p. 305°C 
(decomp.) (Found: C , 45 .2; H , 4.0; , 4.0. Calc. for C26H 2SCi 2-
N 2NiOsP2: C, 45.4; H, 4.1; N , 4.1%). IH NMR [(CD 3hCO]: 
b 1.50 (t , 6 H, 12J pH + 4Jp·HI12.7 Hz, PMe), 6.69 (br s, 4 H , 
H 2), 7.40-7.8 1 (m, 18 H , aromatics). IH NMR [(CD3)2CO 
after 6 h]: 8 1.49 (t, 3.7 H, 12 J pH + 4Jp'H 1 12.7, PMe rae) , 2.42 
(t, 2.3 H , 12 J pH + 4J p'H 111.3 Hz, PM e meso), 6.69 (br s, 2.5 H, 
NH2 rac) , 6.70 (br s, 1.5 H, H2 meso), 7. 14-7.8 1 (m, 18 H, 
aromatics). 31 P_{I H} MR [(CD 3h CO]: b 31.77 (s, 2 P). 31 p_ 
C H } NMR [(CD 3hCO after 6 h]: b 31.77 (s, 1.2 P, rac), 32.01 
(s, 0.8 P, meso). 
Preparation of [SP-4-I-(S,S)]-Bis[(2-aminophenyl)melhyl-
phenylphosphine]nickel(lI) Perchlorale, (S,S)-6.-This com-
pound was prepared in a similar manner to the racemic 
analogue (R*,R*)-6 in 85% yield, m.p. 298°C (decomp.) 
(Found: C, 45 .2; H, 3.8; N , 3.7. Calc. for C26 H 2SCi2 2 iOsP2: 
C, 45 .5; H, 4.1; N , 4.1 %). (J. +258° (589 nm, c 0.334 g per 
100 cmJ, Me2CO).I H MR [ (CD3h CO] and JI P- C H} MR 
[(CD 3hCO]: identical to the spectra of pure (R* ,R*)-6. 
Preparation of (± )-[SP-4-2-(R *,R *)]-Bis[(2-aminophenyl)-
met hy lphen y lphosphine] palladium( II) H exajluorophospha te, 
(R *,R *)-7.- A solution of( ± )_L2 (0.62 g, 2.9 mmol) in ethanol 
(5 cm3) was added to a solution of the dichloro complex (± )-3 
(1.13 g, 2.9 mmol) in etha nol (135 cm3). The resulting yellow 
solution was filtered and the solvent removed by evaporation . 
The residue was dissolved in hot water (100 cm3) and a solution 
ofNH4PF 6 (0.93 g, 57.6 mmol) in water (5 cm3) added dropwise 
to give a white precipitate of(R*,R*)-7-(R*,S* )-7 (1.49 g, 73%). 
IH NMR [(CD JhCO]: b 1.80 (d, 3.7 H, 2J pH 10.8, PMe rac), 
2.62 (d , 2.3 H , 2J PH 10.3 Hz, PMe meso), 7.21-7.90 (m, 22 H, 
H 2 and a romatics). 31 P-C H} NMR [(CD 3h CO]: 8 36.28 
(s, 1.2, P, rac), 36.70 (s , 0.8 P, meso). Recrystallisa tion of the 
white precipitate from acetone-diethyl ether gave pure (R* ,R*)-
7 (0.6 g, 29%), m.p. 290°C (decomp.) (Found: C, 37.6; H, 3. 1; 
, 3.1. Calc. for C26H28F 12 2P 4Pd: C, 37.8; H, 3.4; ,3.4%). 
1 H M R [(CD3)2CO]: b 1.80 (d, 6 H, 2 J pH 10.8 Hz, PM e), 7.36 (br s, 4 H , NH 2), 7.41 - 7.90 (m, 18 H, aromatics). 31 P_C H} 
NM R [(CD3h CO]: 8 36.28 (s, 2 P). 
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Preparation of [SP-4-I-(S,S)J-Bis[(2-aminophenyfjmethyl-
phenylphosphine Jpalladium(n) Hexajluorophosphate, (S,S)-7.-
This compound was prepared in a imilar manner to its racemic 
analogue (R* ,R*)-7 in 77% yield , m.p. 285°C (Found: C, 37.8; 
H, 3.3; , 3.0. Calc. for C2 6H2sF12 2P4Pd: C, 37.8; H , 3.4; 
, 3.4%). a + 343° (589 nm, c 0.867 g per 100 cm3, Me2CO). 
l H MR [(CD3)2COJ and 31p_{IH} NMR [(CD3)2CO]: 
identical to the spectra of pure (R* ,R*)-7. 
Preparation of [SP-5-13-(R *,R *),(R * ,S*)]-Bis[(2-amino-
pheny /)methy lpheny lphosphine Jchloroplat inum(n) Chloride Di-
hydrate, (R *,R *),(R *,S *)-8a.-The racemic ligand (± )_L2 (0.25 
g, 1.2 mmol) and the dichloro complex ( ± )-5 (0.56 g, 1.2 mmol) 
were suspended in ethanol (70 cm3) and the mixture stirred 
until the solution became clear. The solvent was then removed 
by evaporation and the residue recrystallised from dichloro-
methane- diethyl ether to give (R* ,R*),(R*,S*)-8a (0.8 g, 99%), 
m.p. 235°C (decomp.) (Found: C, 42.4; H, 4.5; , 3.5. Calc. for 
C 26 H 32Ci 2N 20 2P2Pt : C, 42.6; H , 4.4; N , 3.8%). lH NMR 
[(CD3hSO]: Ii 1.97 (d , 3 H, 2JpH 12, PMe rae), 2.21 (d, 3 H, 
2 J pH 12 Hz, PMemeso), 7.21 - 7.73(m, 22 H, NH2 and aromatics). 
Preparation of [SP-4-2-(R *,R *),(R * ,S*)]-Bis[(2-amino-
phenyl)methylpheny lphosphineJplatinum(n) Hexajluorophos-
pilate, (R *,R *),(R * ,S*)-8b.-The mixture of diastereomeric 
chloride salts (R *,R *),(R *,S*)-8a (0.40 g, 0.58 mmol) was 
dissolved in hot water (25 cm3) and a solution of NH4PF 6 (0.2 
g, 1.2 mmol) in water (5 cm3) added dropwise to give a white 
precipitate. The precipitate was collected and recrystallised 
from acetone to afford (R* ,R*) ,(R* ,S*)-8b (0.5 g, 94%), m.p. 
262°C (decomp.) (Found: C, 34.0; H , 3.4; N , 3.0. Calc. for 
C 26 H28 F I2N 2P4Pt: C, 34.1; H, 3.1; N, 3.1%). lH NMR 
[(CD3hSO]: Ii 1.93 (d , 3 H, 2 J pH 11.5, PMe rae), 2.65 (d , 3 H, 
2J PH 11.5 Hz, PMe meso) , 7.20- 7.91 (m, 22 H, NH2 and 
aromatics). 
Deprotonation of Bis(bidentate ligand) Complexes.-These 
reactions were carried out for all of the bis(bidentate ligand) 
complexes of bivalent nickel and palladium. The procedure 
involved suspension of the appropriate complex in acetone, thf 
or dichloromethane followed by the addition of excess 
anhydrous sodium carbonate. The deprotonated complexes 
were characterised by 1 H NM R spcctroscopy (Table 2). 
Synthesis and Separation of(R *,R *)- and (R *,S*)-I ,3-Bis{[2-
(methylpheny lphosphino)pheny /Jamino } propane, (R *,R *)- and 
(R* ,S*)-L3.- To a mixture of N,N,N',N'-tetramethylethyl-
enediamine (0.62 g, 5.30 mmol) and n-butyllithium (2.88 cm3 of 
a 1.6 mol dm 3 solution in n-hexane, 5.29 mmol) was added a 
solution of the ligand (± )-L 2 (0.95 g, 4.41 mmol) in thf( 10 cm 3) 
at O°c. The resulting yellow solution was added dropwise to 
a solution of 1,3-bis(p-tolylsulfonyloxy)propane (0.85 g, 2.21 
mmol) in thf (20 cm3) at - 78 0c. The reaction mixture was 
stirred at room temperature for 2 h and the solvent then 
removed by evaporation. The residue was dissolved in dichloro-
methane (20 cm3), the extract dried over magnesium sulfate, 
filtered and the solvent removed by evaporation to afford a 
yellow oil. The crude product was a mixture of unreacted (±)-
L2, and (R* ,R*)-and (R* ,S*)-L3. lH NMR (CDCI 3): Ii 1.54(d, 
6 H, 2 J pH 4.8 Hz, PMe, L 3), 1.58 (d , 3 H, 2 J pH 3.3, PMe, L 2), 
1.60 (d , 6 H , 2 J pH 3.9, PMe, L3), 2.23 (m , 4 H, CH 2), 4.03 (m, 
8 H, NCH 2), 4.64 (br s, 2 H , H), 6.50- 7.44 (m, aromatics). 
The remaining NH resonances were obscured by the other 
resonances. 31p_{IH } NMR (CDCI 3): Ii -44.2 (s, 2 P, L3), 
- 42.8 (s , I P, L2), - 36.7 (s, 2 P, L 3) . The mixture of (± )-L 2, 
and (R* ,R*)- and (R* ,S*)-L 3 was dissolved in acetone (30 cm3) 
and added dropwise to a solution of hexaaquanickel(n) 
perchlorate (0.99 g, 2.71 mmol) in acetone (10 cm3). The solvent 
was removed by evaporation and the residue dissolved in hot 
methanol (20 cm3). Bright orange prisms of (R* ,R* ,S* ,R*)-
[NiL3J[CI04J2-0.5MeOH (0.21 g, 13%) formed on cooling the 
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solution to room temperature, m.p. 308°C (decomp.) (Found: 
C, 47.4; H, 4.3; CI, 9.6; N, 3.7. Calc. for C29 .5H34Ci2N2-
Ni0s.sP2: C , 47.6; H , 4.6; CI, 9.5; N , 3.7%). lHNMR (CD3CN): 
Ii 1.10 (d, 3 H, 2JPH 12.2, PMe), 1.35 (d, 3 H, 2JPH 
11 .8 Hz, PMe), 2.28 (m, 2 H, CH2), 3.62 (m , 4 H, NCH 2), 6.91 -
7.83 (m, 18 H , aromatics). The NH resonances were obscured 
by other resonances. 31P_{IH} NMR (CD3CN): Ii 28.9, 31.7 
(AB quartet, 2 P, 2J pp 108 Hz). 
X-Ray Crystallography.-Crystal data for (R* ,R* ,S*,R*)-
[NiL3J[CI04h C29H n CI2N2NiOsP2, M = 728.13, mono-
clinic, space group P2 1/c (no. 14), a = 15.993(3), b = 10.421 (2) , 
c = 19.588(2) A, U = 3189.8(9) A3 (by least-squares analysis 
of the setting of 25 reflections 27.3 < 29 < 33.7°) , Mo-Ka 
radiation (A = 0.710 69 A with a graphite monochromator) , 
Z = 4, Dc = 1.516 g cm 3, F(OOO) = 1504, specimen 
0.14 x 0. 18 x 0.29 mm, I.I(Mo-Ka) = 9.27cm 1. 
Data collection and processing. A unique data set was 
measured at 296(1) K using the w-29 scan technique to a 
maximum 29 value of 50° on a Rigaku AFC6S diffractometer. 
Scans of(I . IO + 0.34 tan 9)° were made at a speed of2.0° min 1 
(in (0) . The weak reflections [l < 10.OO'(l)J were rescanned 
(maximum of 4 scans) and the counts accumulated to ensure 
good counting statistics. Stationary background counts were 
recorded on each side of the reflection . The ratio of peak 
counting time to background counting time was 2: I . Of the 
6213 reflections which were collected, 5988 were unique (R;n' = 
0.023). The intensities of three representative reflections were 
measured after every 150 reflections. No decay correction was 
required . An analytical absorption correction was applied 
which resulted in transmission factors ranging from 0.86 to 
0.90. The data were corrected for Lorentz and polarisation 
effects. 
Structure analysis and refinement. The structure was solved 
by Patterson methods 19 with anisotropic displacement factors 
and expanded using Fourier techniques.20 The non-hydrogen 
atoms were refined anisotropically. Hydrogen atoms were 
included at geometrically generated positions but were not 
refined . The final cycle of full-matrix least-squares refinement 
was based on 3345 observed reflections [l > 3.00O'(l)J and 397 
variable parameters and converged (largest parameter shift was 
0.09 times its e.s.d .) with final Rand R' values of 0.058 and 0.038, 
respectively. The standard deviation of an observation of unit 
weight was 3.13. The weighting scheme was based on counting 
statistics and included a factor (p = 0.002) to down weight the 
intense reflections. The maximum and minimum peaks on the 
final Fourier difference map corresponded to 0.69 and - 0.61 
e A 3, respectively. Neutral-atom scattering factors were taken 
from Cromer and Waber. 21 Anomalous dispersion effects were 
included in Fc; 22 the values for 11/, and I1f" were those of 
Creagh and McAuley.23 The values for the mass attenuation 
coefficients are those of Creagh and Hubbel. 24 All calculations 
were performed using the TEXSAN 25 software package. 
Additional material available from the Cambridge Crystallo-
graphic Data Centre comprises H-atom coordinates, thermal 
parameters and remaining bond lengths and angles. 
Results and Discussion 
Synthesis and Resolution of (±)-L2.-The asymmetric 
bidentate ligand ( ± )-(2-aminophenyl)methylphenylphosphine, 
(± )-L 2, was prepared from (2-aminophenyl)diphenylphos-
phine 14 in a two-step synthesis (Scheme I) . In the first step, (2-
aminophenyl)diphenylphosphine was treated with 3 equivalents 
of lithium in thf, followed by hydrolysis with water to give 
the chiral secondary phosphine (± )-(2-aminophenyl)phenyl-
phosphine, (± )-L 1, in 84% yield . When less than three 
equivalents of lithium were used some un reacted starting 
material was recovered from the reaction . Presumably 
deprotonation of the amino group accompanied the chemo-
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• In (CDJ)2CO. b J J HH given in Hz in parentheses. ' 2 J pH given in Hz in parentheses. d 'JpH given in Hz in parentheses. < Obscured by the aromatic 
resonances. ! J JHH 9 and JpH 6 Hz. 







Scheme I (i) 3Li in thf; (ii) H20 ; (iii ) Na in thf, Mel in thf 
NH2 
diphenylphosphine.t Subsequent treatment of (± )_Li with 
equivalent of sodium in thf followed by the addition of a 
solution of methyl iodide in the same solvent at - 78°C gave 
(± )-L 2 in 90% yield . 
The resolution of (± )-L 2 was achieved by the separation by 
fractional crystallisation of a pair of internally diastereomeric 
palladium(n) complexes containing the racemic ligand and 
o rthometallated (S)-[I-( l-ethyl)naphthyIJdimethylamine. A 
pair of diastereomeric chloride salts, viz. (S,S)- and (R,S)-2a, 
was produced in a bridge-splitting reaction involving (± )-u 
and (+ hS9-di-ll-chloro-bis{(S)-I-[I-(dimethylamino)ethylJ-
naphthyl-C 2,N )dipalladium(n), (S)- t , in methanol (Scheme 2). 
The addition of an excess of aqueous ammonium hexaftuoro-
phosphate to the solution precipitated a 1: I mixture of the 
diastereomeric hexaftuorophosphate salts (S,S)- and (R,S)-2b 
in 92% yield . Fractional crysta llisation of the diastereomeric 
mixture from dichloromethane by the addition of propan-2-01 
gave colourless rosettes of (S,S)-2b, a + 163° (589 nm, acetone). 
Diastereomer (R ,S)-2b was obtained by evaporat ing the 
mother-liquor to dryness and twice recrystallising the residue 
from ace tone- diethyl ether. Pure (R,S)-2b was isolated as 
colourless needles , a - 101.6° (589 nm, aceto ne). Two different 
procedures were employed to liberate the resolved tertiary 
phosphines from (S,S)- and (R,S)-2b. The first method involved 
dissolution of diastereomerically pure (S,S)- or (R,S)-2b in 
concentrated sulfuric acid followed by the addi tion of lithium 
chlo ride to give the respective dichloropalladium(lI) complexes 
(S)- and (R)-3, a ± 42° (589 nm, Me2SO) (Scheme 3). 
Subsequent trea tment of (S)- o r (R)-3 with aqueous potassium 
cyanide gave the respective optica lly pure an tipodes (R)- and 
(S)_L2 , a ± 160° (589 nm , acetone). Alternatively, treatment of 
(S,S)- or (R,S)-2b with (R* ,R*)- 1,2-phenylenebis(methyl-
phenylphosphine), (R*,R*)-diph ,' 6 in dichloromethane gave 
the optica lly pure enantiomers (R)- and (S)-L 1 directly after 
removal by filtration of the internally diastereomeric 
palladium(n) complexes (SS,S)- and (RR,S)-4 (Scheme 3). 
The 1 H NM R spectra of the internally diastereomeric 
complexes (S,S)- and (R,S)-2b in (CD 3hCO were consistent 
with the two nitrogen donor a toms being cis to one another. 
The NMe groups are non-equivalent in both (S,S)- and 
t Chemoselective cleavage of a phenyl group from (2-aminophenyl)-
dipheny)phosphine has previously been reported by Cooper and co-
workers , 26 however, the stoichiometry of the reaction was not addressed 
in this communica tion . 
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Scheme 3 (i) Concentrated H2S04 , anhydrous LiCI; (ii ) KC 
in water; (iii) (R*,R*)-1 ,2-phenylenebis(methylphenylphosphine) 111 
dichloromethane 
(R,S)-2b and coupled to the phosphorus a tom trans to 
them. The methine proton is also coupled to the pho phorus 
atom. A similar stereochemical arrangement has been observed 
in solution for related palladium(n) complexes containing 





( ± )-(2-aminoethyl)methylphenylphosphine, and (R* ,R *)- and 
(R* ,S *)-I-(methyl phenylarsino )-2-(methylphenylphosphino)-
benzene.ls .27. 28 Selected I H NMR data for (S,S)- and (R ,S)-2b 
are given in Table I. Furthermore, the positions of the chemical 
shifts of the proton attached to C(3) of the naphthyl ring (H Y) in 
(S,S)- and (R ,S)-2b, Ii > 7.30t and 6.95, respectively, were 
used to assign the absolute configuration of the stereogenic 
phosphorus donor atom in the two complexes. In previous 
work on related internally diastereomeric palladium(n) 
complexes containing ( ± )-methylphenyl(8-quinolyl)phosphine 
and orthometallated (R)-[ I-(I-ethyl)naphthyl]dimethylamine 
it was shown that when the stereogenic carbon and phosphorus 
atoms have opposite absolute configurations HY of the 
naphthyl ring was shielded by the phenyl group attached to the 
phosphorus atom and hence resonated to higher field. IS In this 
case the assignment was confirmed by a crystal structure 
determination of the (S,R) diastereomer. It is noteworthy that 
HY of the naphthyl ring was also coupled to the phosphorus 
atom, as indeed was the case for (R ,S)-2b, and was attributed to 
a through-space interaction . 
Complexes of (R)-L 2 and (± )-L 2._ The mono(bidentate 
ligand) dichloro complexes of bivalent palladium and platinum, ( ± )-3 and ( ± )-5, were prepared by reacting the racemic ligand 
( ± )-L 2 with the dimer di-ll-chloro-bis{2-[(dimethylamino)-
methyl]phenyl-C 2 ,N }dipalladium(n) and dichloro(cycloocta-
1,5-diene)platinum(n), respectively. The square-planar bis(bi-
dentate ligand) complexes of palladium(n) and platinum(u) (R* ,~*)-7, (S,S)-7 and (R* ,R*) ,(R* ,S*)-8b, were prepared b; 
reactmg the appropriate dichloro complex with (± )-L 2 or (R)-
L 2 followed by the addition of excess aqueous N H4 PF 6 ; the 
nickel(u) analogues, (R* ,R*)-6 and (S,S)-6, were prepared from 
hexaaquanickel(u) perchlorate and two equivalents of (± )-L 2 
and (R)-L 2, respectively. The bis(bidentate ligand)nickel(u) 
complex containing the racemic ligand (± )-L 2 was isolated as 
the racemic diastereomer (R* ,R*)-6 in a typical second-order 
asymmetric transformation .29 Complex (R* ,R*)-6, however, 
undergoes facile ligand exchange in solution , an equilibrium 
mixture of meso and racemic diastereomers in the ratio of 
1.0 : 1.6, respectively, being established within 6 h in acetone. 
The corresponding palladium(u) and platinum(u) complexes, 
however, were isolated as a mixture of racemic and meso 
diastereomers, viz. (R* ,R*),(R* ,S*)-7 and (R*,R*) ,(R* ,S*)-8b. 
In the case of the palladium(u) complex the diastereomeric 
mixture was separated by fractional crystallisation from acetone 
to give pure (R* ,R*)-7. The meso diastereomer (R* ,S*)-7 could 
not be isolated in a pure form nor could the platinum(u) 
analogues be separated by fractional crystallisation . No 
evidence for intermolecular ligand exchange was observed for 
(R* ,R*)-7 in solution . 
Stereochemical assignments for the various bis(bidentate 
t Resonance obscured by the other aromatic proton resonances. 
(W.W)-S 
t 
(WoW)-7 (M = Pd) 
(WoW)-8 (M = PI) 










(W oS·)-7 (M = Pd) (W oS·)-8 (M = PI) 
Fig. 1 Stereochemical representation of the square-planar cations 
Irans-[Ni(L 2}z] 2+ and cis-[M(U}z] 2+ (M = Pd or Pt) 
ligand) complexes were made using I H NMR spectroscopy. For 
example, the racemic complexes (R* ,R*)-6 and (R* ,R*)-7 were 
identified on the basis that their I H NMR spectra were identical 
to that of the optically active analogues (S,S)-6 and (S,S)-7. 
Selected I H NMR data for the complexes are given in Table 2. 
The data clearly show that the bis(bidentate ligand) complexes 
of palladium(u) and platinum(u) form exclusively cis 
diastereomers while the nickel(u) analogues adopt trans 
configurations (Fig. I) . The PMe groups of the former 
complexes resonate as doublets e Jpp- ca. 0 Hz), consistent with 
the phosphorus atoms being cis to one another,30 whereas 
deceptively simple triplets e Jpp. ~ 12 JpH + 2 Jp.HI) were 
observed for the same moieties in the nickel(u) derivatives, 
which is consistent with a trans arrangement of the phosphorus 
donor atoms.31 The upfield PMe resonance in the IH NMR 
spectrum of complex (R*,R*),(R* ,S*)-8b was assigned to the 
racemicdiastereomer by analogy with the palladium(u) complex 
which had the same stereochemistry. 
Monodeprotonation of both of the co-ordinated amino 
groups in the bis(bidentate ligand) complexes of bivalent nickel 
and palladium was achieved by reaction with anhydrous sodium 
carbonate in acetone, thf or dichloromethane. The deprotonated 
complexes were not isolated but were identified in solution by 
I H NMR spectroscopy (Table 2). The nickel(u) complexes were 
again present as trans diastereomers while the palladium(u) 
derivatives had cis configurations. Furthermore, the I H NM R 
spectra of the deprotonated complexes generated from 
(R* ,R*)-6 and (R*,R*)-7 showed an equilibrium mixture of 
racemic and meso diastereomers when recorded immediately. 
Thus, facile ligand exchange was occurring in solution for these 
complexes. The racemic diastereomers of the deprotonated 
complexes were identified by comparison of their IH NMR 
spectra with those of the optically active analogues. 
Preparation of(R * ,R *,S* ,R *)-[NiL 3][CI04] 2'-The depro-
tonated bis(bidentate ligand) complexes of bivalent nickel and 
palladium were seen as potential precursors for the template 
synthesis of the quadridentate ligand (R* ,R*)- and (R*,S*)-
I ,3-bis{[2-(methylphenylphosphino )phenyl]amino} propane, 
(R* ,R*)- and (R*,S *)-L 3. Cooper et 01. I 3 had previously shown 
that the deprotonated complex derived from bis[(2-amino-
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Ta~le 2 Selected ' H N MR and Jl P_{' H} N MR data for ligands (±)_L2, (R*,R*)-L ' and (R*,S*)-L' and complexes of the type [MCI (L2)] 
[N,(L 2),][CIO' ] 2, [M (L 2)2][PF 6] 2 and [NiL ' ][CIO'] 2 2 , 
' H (0) 31 P_{' H} (0) 
Compound· PMe b N H P 
(±)_L2< 1.58 (d, 3.3) 4.07 (br s) - 42.S (s) 
(± )_3 ' 2.26 (d, 2.6) e 41. 1 (s) 
(± )_5 ' 2.19 (d, 12.2) e 11.2 (s) 
(S,S)-6 1.50 (t, 12.7) 1 6.69 (br s) 31.8 (s) 
(S ,S)-6 9 1.36 (t, 11.0) 1 5.73 (br s) 31.6 (s) 
1.50 (t, 12.7)1 6.69 (br s) 31.S (s) (R*,R*)-6 
(R* , R*),( R* ,S *)-6 1.50 (t, 12.7), 2.42 (t, 11.3) 1 6.70 (br s) 31 .S (s), 32.0 (s) 
(R* ,R*) ,(R* ,S*)-6 9 1.36 (t, 11.0), 2.14 (t, 10.7) 1 5.73 (brs) 31.6 (s), 31.7 (s) 
(S,S)-7 1.80 (d , 10.8) 7.36 (br s) 36.3 (s) 
(S,S)-7 9 1.5 1 (d, 10.4) e 32.7 (s) 
I.S0 (d, 10.8) 7.36 (br s) 36.3 (s) (R*,R*)-7 
(R* ,R*),(R*,S*)-7 1.80 (d, 10.8),2.62 (d, 10.3) e 36.7 (s) 
(R* ,R*) ,(R* ,S*)_7 9 1.5 1 (d, 10.4), 2.26 (d, 10.5) e 32.7 (s) , 33.1 (s) 
(R* ,R*) ,(R* ,S *)_8b d 1.93 (d, 11 .5),2.65 (d, 11.5) e 
- 44.2 (s), -36.7 (s) ( R* ,R*),( R* ,S*)-L" 1.54 (d, 4.8), 1.60 (d, 3.9) 4.64 (br s) 
28.9, 31.7 (A Bq, lOS); (R*,R*,S* ,R*)-[NiL'] [CIO'] 2 h 1.10 (d , 12.2), 1.35 (d, II.S) e 
2S.9, 31.7 (A Bq, 108); [NiL ' ][CIO']2 h 1.10 (d, 12.2), 1.35 (d, I I.S) e 
1.93 (d , 12.0) e 37.9 (s) 
• In (CO ')2CO unless otherwise stated. b 2 JpH given in Hz in parentheses unless otherwise stated. < In COCl,. din (CO')2S0 .• Obscured by the 
a romatic resona nces. 112 J pH + 'Jp' H 1 in Hz in parentheses. 9 Oeprotonated complex generated in situ by reaction with anhydrous sodium carbonate. 
h In CO ,C . ' 2 Jpp in Hz in parentheses. 
(±)_L2 
(l I'" (l ('YNH HN)O ('YNH HN~ ~;", I h +~;"'~ 
P. \ P. p\ Ph~ Me Ph Me Ph~ Me Me Ph 
(R" ,S')-L3 
[Ni((R" , 5 ')-l1][CIO.12 
Scheme 4 (i) LiBun in n-hexane, N,N,N',N'-tetramethylethylene-
diamine in thf 1,3-bis(p-tolylsul fony loxy)propane in thf; (it) 
[Ni(H20)6] [CIO'] 2 in acetone 
I ,3-bis(p-tolylsulfonyloxy)propane in the presence of anhydrous 
potassium carbonate in refluxing toluene to give a nickel(I1) 
complex of the tetradentate ligand 1,3-bis{[2-(d iphenylphos-
phino)phenyl]amino }propane. Here, however, the deproton-
ated bis(bidentate ligand) nickel(I1) complex was presen t in 
solution as a mixture of cis (85%) and trans (15%) diastereo-
mers. Clearly the deprotonated analogue of (R*,R*)-6 is not a 
suitable precursor to the quadridentate ligand (R*, R*)- and 
(R*,S*)-L3 because of the trans stereochemistry. Indeed, no 
evidence for the fo rmation of the quadridentate ligand was 
observed when the deprotonated analogues of (R*, R*)-6 or 
(R* ,R*)-7 were subjected to reaction conditions simila r to those 
employed by Cooper et al. 13 
The quadridentate ligand (R *, R*)- and (R*,S*)- L 3 was 
synthesised by the reaction of (± )-L Z with n-butyllithium 
and N,N,N' ,N ' -tetramethylethylenediamine in thf fo llowed by 
the addition of I ,3-bis(p-tolylsulfonyloxy)propane (Scheme 4). 
Separation of (R*,R*)- and (R*,S*)- L 3 was achieved by 
complexation to nickel(I1). Thus, reaction of (R*, R*)- and 
(R*,S *)- L 3 with hexaaquanickel(I1) perchlo rate in acetone 
gave a I : I mixture of two diastereomeric complexes. Pure 
(R*, R*,S *, R*)-[NiL3 ][C IO .. ]z was obtained upon recrysta l-
lisa tion of the diastereomeric mixture from methanol. The other 
(R' , R' , R' , S') 
(R' , R', S' , R') 
C1 
t 
(R', R' , S ', 5') 
(R' , R' , R', R' ) 
C2 
t 
(R' , S' , R' , S' ) 
C1 C. C. 
Fig. 2 Stereoisomerism in the square-plana r cation [NiL']" (Only 
one enan tiomer of each of the four chiral diastereomers is shown) 
d iastereomer, however, could not be isolated in pure form . The 
relative stereochemistries of the two diastereomers were 
assigned on the basis of ' H and 31 P-C H} NMR evidence 
(selected data a re given in Table 2). Complex (R*,R*,S*, R *)-
[NiL3][CIO .. ] z exhibited two doublet PMe resonances at 
Ii 1.1 0 and 1.35, and an AS quartet for the non-equivalent P 
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Fig.3 Molecular structure of the cation (R*,R* ,S*,R *)-[NiL3] 2+ 






















































































































































































Table 4 Selected non-hydrogen interatomic distances (A) and 







Ni-P( I )-C(8) 
i- P(2)-CC24) 
Ni- (I)-CCI3) 













P(I )- Ni- N(I ) 
P(2)- Ni- N(I ) 
N(I)- Ni- N(2) 




Ni- N(2)- CCI6) 










resonances at /) 28.9, 31.7 while a single doublet PMe resonance 
was observed at /) 1.93 and a singlet P resonance at /) 37.9 for the 
other diastereomer in CD3CN in the lH NMR and 31 p_ e H} 
NMR spectra, respectively. The upfield signals in the lH NMR 
spectra were assigned to the nickel(lI) complex of (R* ,R*)-L 3 on 
the basis of shielding arguments. The methyl groups in the 
complex containing the racemic form of the quadridentate 
ligand will be shielded by the phenyl groups on the adjacent 
phosphorus atom and hence resonate to higher field . This 
interaction is not possible in the corresponding complex of 
(R* ,S*)-L3 . Six diastereomers are possible for [NiL3][CI04] 2 
as a result of the configurational stability of the unsymmetric-
ally substituted nitrogen donor atoms (Fig. 2). Although three 
of the complexes contain (R* ,R*)-L\ only one has non-
equivalent phosphorus donor atoms, the (R*,R* ,S*,R*) 
diastereomer. This assignment was confirmed by a crystal-
structure determination (see below). For the nickel(lI) complex 
of(R*,S*)-L3 there are two diastereomeric possibilities having 
equivalent phosphorus stereocentres, viz. (R*,R*,S*,S*) 
and (R* ,S*,R*,S*) . In the absence of a crystal-structure 
determination it was not possible to identify this diastereomer 
unambiguously. 
Cryslal-slruClure Delerminalian of (R *,R * ,S*,R *)-[NiL 3]-
[CI04 ],.- The stereochemistry of the cation is shown in Fig. 3. 
Non-hydrogen atomic coordinates are given in Table 3 and 
selected bond lengths and angles in Table 4. The nickel atom has 
a distorted square-planar co-ordination geometry with Ni, P( I), 
P(2) and N(I) being essentially coplanar [maximum deviation 












J. CHEM. soc. DALTON TRANS. 1995 
the least-squares plane. The angles at the Ni atom are 
P(I )-Ni-P(2) 93.89(8), P(2)-Ni-N(2) 87. 1(2), N(I}--Ni-N(2) 
92.4(2) and N(I)-Ni-P(I) 87.0(2)°. The two phosphorus 
stereocentres have the same relative configurations while 
the two stereogenic nitrogen atoms have opposi te relative 
configurations. 
Conclusion 
A key step in the synthesis of the asymmetric bidentate ligand 
(± )-(2-aminophenyl)methylphenylphosphine, (± )-L 2 , was the 
chemoselective cleavage of a phenyl group from (2-amino-
phenyl)diphenylphosphine. Relatively few investigations of the 
chemoselective cleavage of alkyl or aryl groups from tertiary 
phosphines have been reported in the literature. 32 evertheless 
studies of this type are important as chemoselective cleavage 
of such groups from suitably designed bidentate ligands 
can provide a useful avenue to chiral multidentate ligands. 
For exam ple, chemoselective cleavage of a phenyl group from 
(2-aminophenyl)diphenylphosphine provides a route to the 
quadridentate ligand (R* ,R*)- and (R* ,S*)-I ,3-bis[(2-amino-
phenyl)phenylphosphino ]propane 26 and the macrocycle 
(R* ,S *)-5,6,7,8,9,14,15,16,17, 18-decahydro-14, 18-diphenyl-
dibenzo-[f,m][ I ,5,8, 12]diazadiphosphacyclotetradecine. 33 
Furthermore, we have recently shown that chemoselective 
cleavage of a phenyl group from (± )-L 2 occurs in the presence 
of lithium in thf and provides a route to the chiral quadridentate 
ligand (R* ,S*)-I-[(2-aminophenyl)methylphosphino ]-2-[(2-
dimethylarsinophenyl)methylarsino ]benzene. 34 Importantly, 
the latter ligand was synthesised with complete stereoselectivity 
which augurs well for the role of the optically active forms of the 
ligand as chiral auxiliaries in enantioselective synthesis. The 
work of luge 35 and Brown 36 and their co-workers on the 
enantioselective synthesis of dissymmetric di(tertiary phos-
phines) containing stereogenic donor atoms is also having a 
significant impact in this area of research. The optically active 
forms of ( R*,R*)-I ,3-bis{[2-(methylphenylphosphino)phenyl]-
amino}propane, (R* ,R*)-L3 , are similarly seen as potential 
chiral auxiliaries in enantioselective synthesis and catalysis. 
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Synthesis, Resolution and Reactions of {+ )-1-{Oimethyl-
arsino)-2-{methylphenylphosphino)benzene, Crystal and 
Molecular Structure of [(S),{S)]-{ + )S89-{2-[1-{Oimethyl-
amino )ethyl] phenyl-C 1 ,N}[1-{ dimethylarsino) -2-{ methyl-
phenylphosphino)benzene-As,P]palladium{lI) Hexafluoro-
phosphatet 
Roy J . Doyle,a Geoffrey Salem '. a and Anthony C. Willis b 
a Chemistry Department, The Faculties, Australian National University, Canberra, A. C. T. 0200. Australia 
b Research School of Chemistry. Australian National University. Canberra. A. C. T. 0200. Australia 
Asymmetric bidentate (±} ·1 - (dimethylarsino ) -2- (methylphenylphosphino) benzene has been prepared 
by the reaction of sodium dimethylarsen ide with (±) -1 -chloro-2- (methylphenylphosphino}benzene 
in tetrahydrofuran . Its resolution has been achieved by the separation by fractional crystallisation of 
a pair of internally diastereomeric palladium(lI) complexes containing the racemic ligand and 
orthometallated (S ) -dimethyl (1 -phenylethyl}amine. The optically pure anti podes have rJ. ± 32' (589 
nm. dichloromethane). The absolute configuration of the R enantiomer of the ligand has been 
assigned by a crystal-structure determination of the least-soluble diastereomeric complex [(S }.(S})-
(+ }S89-{2- [1 - (dimethylamino}ethyl) phenyl-C'.N}[1 - (d imethylarsino) -2- (methylphenylphosphino) benz-
ene-AsP)paliadium(lI) hexafluorophosphate. Chemoselective cleavage of the dimethylarsino moiety 
of the free benzene derivative occurs in the presence of lithium metal in tetrahydrofuran . 
While unsymmetrica l bidentate ligands containing both an 
arsenic and a phosphorus donor atom are well known, 1.2 
relatively few examples of chiral molecules of this type have 
been reported . Indeed, the four enantiomeric forms of (R* ,R*)-
a nd (R* ,S *)- I-(methylphenylarsino)-2-(methylphenylphosph-
ino)benzene are, to our knowledge, the only documented 
examples of th is type.3 Such compounds with a dissimilar 
arrangement of donor atoms have important implications in 
enan tioselective synthesis , since they are capable of exercising 
stereoelectronic contro l over the reactions of co-ordinated 
substrates. Certain unsymmetrical bidentate compounds such 
as optically active exo-3-dimethylamino-7 , 7-dimethylbicyclo-
[2 .2. I]heptan-2-01 and some chiral thienyloxazolines have 
proven to be high ly successful chiral auxi liaries in enan tio-
selective ca ta lysis,4.5 but related compounds possessing a 
phosphorus-donor a tom have, until very recently , had on ly 
modes t succe S6 In the past two years there has been an 
upsurge of interes t in the role of optica lly active unsymmetrical 
bidcnta te compounds con taining phosphorus- and nitrogen-
donor a toms as chira l auxi liaries in enantioselective cata lysis . 
For example, the unsymmetrical tertiary phosphine (S)-[ I-(I-
isoquino lyl)naph thyl]diphenylphosphine and some optically 
active oxazolylphosphines have been successfully used as chira l 
a uxi liaries in the catalytic hydroboration of vinylarenes (in 
up to 94% enantiomeric excess, e.e.) and the paliadium(II)-
ca talysed a llylic substitut ion of I ,3-diphenylprop-2-enyl acetate 
(in up to 99% e.e.), respectively.7.8 In this paper we report on 
the syn thesis a nd reso lution of (± )- I-(dimethylarsino)-2-
(methylphenylph osphino)benzene, the optica lly active an ti-
podes of which are seen as potential chira l auxi liaries in 
enan tioselecti ve ca ta lysis . 
t Supplementary data available: see Instructions fo r Autho rs, J. Chem. 
Soc. , Daltoll TrailS .. 1995, Issue I. pp. xxv xxx . 
NOIl-S lullit employed: mmHg "" 133 Pa . 
Experimental 
Procedures and Malerials.-R eactions were performed under 
argon using Schlenk techniques. Solvents were dried and 
purified by distillation under argon . The NMR spectra were 
recorded on a Varian Gemini II spectrometer operating at 300 
C H} or 121 MHz e1p-{IH}}. Chemical shifts are reported as 
I) va lue relative to SiMe4 eH} or 85% H3P04 e1p-{IH}). 
Optical rotations were measured with an Optical Activity AA-
10 or a Perkin-Elmer model 24l polarimeter on the specified 
solutions in I dm cells at 20 °C. Elemental analyses were 
performed by staff within the Research School of Chemistry. 
The compounds (± )-I-chloro-2-(methylphenylphosphino}-
benzene (± }-I1 , 3 iododimethylarsine,9 ( - }589-di-ll-chloro-bis-
{(R}-2-[ I-(dimethylamino}ethyl]phenyl-C 1 ,N }dipaliadium(lI) 
(R}- I and (+ }589-di-ll-ch loro-bis{ (S)-2-[ I-(dimethylamino)-
ethyl]phenyl-C 1 ,N }dipaliadium(II) , (S)- I , 10 were prepared by 
published procedures. 
Synrhesis of (± )-I-(Dimelhy larsillo)-2-(melhylpheny lpllOsph-
illo)ben=ene (± )-I.- Sodium foi l (9 .78 g, 0.425 mol) was added 
to a stirred solution ofiododimethylarsine (49.3 g, 0.212 mol) in 
tetrahydrofuran (th l) (400 cm3) over a period of I h. The 
solut ion was allowed to stir for 2 h, then filtered and added 
dropwise to a stirred solution of (± )-I1 (50 g, 0.213 mol) in thf 
(200 cm 3) at - 78 °C. After the addition was complete the 
reaction mixture was stirred for 48 h at - 20 ± 5 °C. The 
solvent was removed and the re idue ex tracted with water (200 
cm 3) and dichloromethane (80 cm 3). The aqueous layer was 
extracted with more dichloromethane (2 x 80 cm 3) and the 
combined organic ex tracts dried over anhydrous MgS04. 
Removal of the solven t gave a clear red liquid which contained 
at least five components. The crude product was distilled and 
two fractions were collected . Fraction I (b.p. 50- 100 °C, 0.05 
mmHg) contained tetramethyld iarsane, methyldiphenylphos-
phine and methylphenylphosphine. Fraction 2 (b.p. 120-
-1868 
135°C) contained a I: I mixture of (± )-1 and unreacted 
starting material (± )-11 . The mixture of (± )-1 and (± )-11 was 
separated by dissolving it in acetone (50 em) followed by the 
addition of a solution of hexaaquanickel(lI) perchlorate (25 g, 
68 mmol) in acetone (10 em). The resulting orange-brown 
nickel(lI) complex was collected, washed with diethyl ether and 
dried in vacuo (21 g). The diethyl ether washings and the 
mother-liquor were combined and the solvent removed . The 
vi cous brown residue was extracted with hot diethyl ether 
(3 x 50 cm3) and the combined organic extracts dried over 
anhydrous MgS04 . The solvent was removed and the residue 
distilled to give pure (± )-11 (16.4 g, 33%), b.p. 126-128°C. 
MR (COCl): 'H, I) 1.57 (d, 3 H, 2 J pH 4.6 Hz, PMe) and 7.08-
7.44 (m, 9 H, aromatics); 3'P_{'H}, I) - 30.9 (s , I Pl. The 
residue from the diethyl ether extraction was dissolved in 
acetone (20 cm3) and a further solution of hexaaquanickel(lI) 
perchlorate (25 g, 68 mmol) in acetone (10 cm3) added to give a 
second crop of the nickel(lI) complex [10.5 g, total yield 50% 
based on a 67% conversion of (±) II] , m.p. 250°C (decomp.) 
(Found: C, 42 .0; H , 4.1. Calc. for C30H36As2Cl2NiP20s: C, 
41.6; H, 4.2%). A solution of potassium cyanide (50 g, 0.768 
mol) in water (200 cm3) was added to a solution of the nickel(lI) 
complex (31.5 g, 36.4 mmol) in dichloromethane (100 cm) and 
the reaction mixture stirred for 24 h. The two phases were 
separated and the aqueous layer extracted with dichloromethane 
(2 x 50 em) . The combined organic layers were dried 
(MgS04)' filtered and the solvent removed by distillation under 
argon . Distillation of the crude product gave the asymmetric 
bidentate ligand (± )-1 as a colourless, viscous liquid (21.3 g, 
47.5%), b.p. 128- 132 °C (0.05 mmHg) (Found: C, 59 .2; H, 6.1 ; 
P, 10.4. Calc. for C'5 H ,sAsP: C, 59.2; H, 6.0; P, 10.2%). NMR 
(COCl): 'H, I) 1.04 (s , 3 H, AsMe), 1.22 (s, 3 H, AsMe), 2.16 
(d,3 H, 2 JpH 3.9 Hz, PMe) and 7.23- 7.52 (m, 9 H, aromatics); 
)' P-{'H }, I) -34.0 (s , I Pl. 
Resolution of (± )-1. Formation and Separation of Il1lernally 
Diastereomeric Complexes. [SP-4-4-(S) ,(S)]- {2-[I-(Dimethyl-
amino)elhyIJphenyl-C', }[I-(dimethy larsino)-2-(methy lpheny l-
phosphino)benzene-As,PJpalladium(lI) Hexajlllorophosphate , 
(S,S)-2b.-The chloro-bridged dimer (S)- l (4.728 g, 8.15 
mmol) and the racemic compound (± )-1 (4.96 g, 16.3 mmol) 
were suspended in methanol (80 cm ) and the mixture stirred 
for I h. The resulting pale yellow solution was filtered and a 
solution of H4PF 6 (0.664 g, 4.08 mmol) in water (5 cm) 
added dropwise. More water (20 em) was added and the 
mixture stirred overnight. The white precipitate was collected, 
washed with methanol- water (4 : 1, 20 cm), methanol (20 em) 
and diethyl ether (20 em), and dried in vacuo (3.67 g, 32%). 
ex + 168° (589 nm, e 0.583 g per 100 cm) , Me2CO) . The 
diastereomerically enriched mixture was dissolved in dichloro-
methane (50 cm) and propan-2-01 (25 cm) was added to give 
fine colourless needles of (S,S)-2b. These were collected, 
washed with chloroform (5 em) and diethyl ether (20 cm3) and 
dried in vacuo (3.40 g, 93%), m.p. 214°C (decomp.) (Found: C, 
42.6; H, 4.6; N, 2.0; P, 8.8. Calc. for C 25 H)2AsF6NP2Pd: C, 
42.7; H, 4.6; ,2.0; P, 8.8%). ex + 182° (589 nm, c 0.92 g per 100 
cm), Me2CO). NMR (C02 12): ' H, I) 1.59 (d, 3 H, )JHH 6.5, 
CMe), 1.84 (s, 3 H, AsMe), 1.85 (s, 3 H, AsMe), 2.25 (d, 3 H, 
2 JpH 9.9, PMe) , 2.90 (d, 3 H, 4JpH 3.2, Me), 3. 10 (d, 3 H, 4JpH 
2.7 Hz, Me), 4. 19 (m, I H, CHMe), and 6.80- 7.90 (m, 13 H, 
aromatics); )' P-{' H}, I) 42.81 (s, I Pl. 
Isolation of [SP-4-4-(R) ,(R)]-{2-[1-(Dimethylamino)ethyf]-
phenyl- " }[I-(dimethylarsino)-2-(methylphenylphosphino)-
benzene-As,PJpalladium(l l) Hexajluorophosphate, (R,R)-2b.-
To the origina l mother-liquor from the isolation of complex 
(S,S)-2b was added a solution of an excess of NH 4PF6 
(1.34 g, 8.2 mmol) in water (10 em). The resulting white 
precipitate was filtered off, washed with methanol- water 
(4: I, 20 cm), methanol (20 cm) and diethyl ether (20 cm), 
and dried in vacuo (6.27 g, 55%). ex + 30° (589 nm , c 0.98 g per 
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100 cm), Me2CO). Crude (R ,S)-2b (5 .0 g, 7. 1 mmol) was heated 
for 15 min in acetone (80 cm) containi ng hydrochloric acid (10 
mol dm 3, 8 cm) to give a pale yellow precipitate. The mixture 
was cooled in ice and then the precipitate was collected, washed 
with acetone (20 cm), acetone- water ( I : 1, 20 cm) and diethyl 
ether (20 cm), and dried in vacuo (3.23 g, 94%). The crude 
dichloropalladium(lI) complex (R)-3 (3 .23 g, 6.7 mmol) was 
dissolved in dichloromethane (200 cm) and KC (5.0 g, 76.8 
mmol) in water (80 cm) was added. Upon decolourisation of 
the organic layer, the two layers were separated and the 
aqueous phase extracted with dichloromethane (3 x 30 cm). 
The combined organic layers were dried over anhydrous 
MgS04, filtered and the solvent removed under reduced 
pressure to give crude (S)-I (2.0 g, 93%). This (2.0 g, 6.58 mmol) 
and the chloro-bridged dimer (R)- l ( 1.91 g, 3.29 mmol) were 
suspended in methanol (60 cm) and the mixture stirred for I h. 
The solution was filtered and N H4PF 6 (0.268 g, 1.64 mmol) in 
water (5 cm) was added dropwise, followed by more water (15 
cm3). The resulting white precipitate was collected , washed with 
methanol- water (4: 1, 10 cm3), methanol (10 cm3) and diethyl 
ether (10 cm3), and dried ill vacuo (0.90 g, 20%). ex -178° (589 
nm , c 0.80 g per 100 cm 3, Me2CO). An excess of NH4PF 6 (0.52 
g, 3.2 mmol) in water (5 cm3) was added to the filtrate to give a 
further crop of crude (R ,R)-2b (1.70 g, 37%). ex - 11 7° (589 nm, 
cO.60 g per 100 cm3, Me2CO). Addition of water (80 cm) to the 
filtrate yielded more white precipitate (1.50 g, 32%). ex -5.0° 
(589 nm , c 0.80 g per 100 cm3, MezCO). The second crop of 
crude (R ,R)-2b (1.70 g; ex - 117°) was twice recrystallised from 
dichloromethane- propan-2-01 to give (R ,R )-2b as colourless 
plates (1.07 g, 63%). ex - 180° (589 nm, c 0.80 g per 100 cm3, 
Me2CO). This material was combined with the first crop of 
crude (R,R)-2b (1.70 g; ex -178°) and the complex (2.77 g) 
recrystallised from dichloromethane- propan-2-01 to afford 
pure (R,R)-2b (1.86 g, 67%), m.p. 214°C (decomp.) (Found: C, 
42.4; H, 4.4; N , 2.0. Calc. for C25 H )2AsF6NP2Pd: C, 42.7; H, 
4.6; N, 2.0%). ex - 182° (589 nm, c 0.90 g per 100 cm). Me2CO). 
' H NMR and 3' P_{' H} NMR (CD 2CI 2): identical with those 
recorded for the enantiomeric complex (S,S)-2b. 
Preparation of [SP-4-3-(S)]-Dichloro[ I-(dimethy larsino )-2-
(methylphenylphnsphino)ben:ene-As, PJpalladium(I I) , (S)-3.-
The diastereomerically pure complex (S,S)-2b (2. 17 g, 3.08 
mmol) was heated for 20 min in acetone (20 cm3) containing 
hydrochloric acid (10 mol dm 3, 5 cm3). The resulting pale 
yellow precipitate was collected, washed with acetone ( 10 cm3), 
acetone- water (I: I, 10 cm) and diethyl ether (10 cm 3), 
and dried in vacuo (1.30 g, 88%), m.p. 278°C (Found: C, 
37.0; H, 3.7. Calc. for '5 H ,sAsCI2PPd: C, 37.4; H, 3.8%). 
ex -31° (589 nm , c 0.97 g per 100 cm3, CH 2Cl2). NMR 
(CD2CI 2): ' H, I) 1.97 (s , 3 H, AsMe), 2.06 (s, 3 H, AsMe), 2.38 
(d,3 H, 2J pH 12 Hz, PMe) and 7.45- 7.86 (m, 9 H, aroma tics); 
)' P-{' H},1)60.5(s, I Pl . 
The [SP-4-3-(R)] enantiomer wa prepared in the same way 
in 85% yield , m.p. 276- 278°C (Found: C, 37.4; H, 3.7. Ca lc. 
for C'5 H ,sAsCI2PPd: , 37.4; H, 3.8%). ex +31° (589 nm , 
e 0.80 g per 100 cm3, CH 2CI 2). ' H NMR and 3' P-{' H} NMR 
( 0 2Cl2): identical with those recorded for the enantiomeric 
complex (S)-3. 
Preparation of( R)-( - )5s9- 1-(Dimethylarsino)-2-(methylphen-
ylphosphino)benzene, (R)- I.- A solution of K N (2.0 g, 30.7 
mmol) in water (20 cm3) was added to a solution of the 
dichloropalladium(lI) complex (S)-3 (1.30 g, 2.7 mmol) in 
dichloromethane (50 cm3) and the mixture vigorously stirred 
for 2 h. The organic phase was sepa rated and the aqueous layer 
extracted with more dichloromethane (3 x 20 cm3). The 
combined organic layers were dried (MgS04)' filtered and the 
solvent removed under reduced pressure to give pure (R)-I 
(0.68 g, 95%). ex +32° (589 nm, c 0.80 g per 100 cm3, CH2CI2). 
'H NMR and 3' P_{' H} NMR (C02CI 2): identical with those 
recorded for the racemic compou nd . 
I 
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The (S) enantiomer was prepared in the same manner in 98% 
yield, ex -32° (589 nm, c 0.82 g per 100 cm3, CH 2CI 2). 
Preparation oj [SP-4-4-(R),(S)J-{2-[ I-(Dimethylamino)-
ethyfJphenyl-C I , N} [I-(dimethylarsino )-2-(methy lphenylphosph-
ino)benzene-As,PJpalladium(n) Hexajiuorophosphate , (R ,S)-
2b.- Stirring of a suspension of the chloro-bridged dimer (S)- t 
(0.32 g, 0.55 mmol) and (S)-I (0.34 g, 1.1 mmol) in methanol (10 
cm 3) gave a colourless solution of the diastereomeric chloride 
salt (R ,S)-2a . An aqueous solution of NH 4 PF 6 (0.36 g, 2.2 
mmol in 2 cm3 water) was added dropwise, followed by more 
water (10 cm3). The resulting white precipitate was collected, 
washed with methanol- water (4 : I, 5 cm3), methanol-diethyl 
ether (I :4, 5 cm 3) and diethyl ether (10 cm3), and dried in vacuo 
(0.58 g, 74%), m.p. 2 10 °C(decomp.) (Found: C, 42.6; H , 4.6; , 
1.9. Calc. for C25 H 32AsF6NP2Pd: C, 42.7; H, 4.6; , 2.0%). ex 
- 38° (589 nm , c 0.53 g per 100 cm3, Me2CO). NMR (CD2C12): 
I H , [) 1.76 (d , 3 H , 3 J HH 6.4, CMe), 1.82 (s , 3 H , AsMe), 1.88 (s , 3 
H , AsMe) , 2.23 (d, 3 H , 2 J pH 10.3, PMe), 2.89 (br s, 3 H , NMe), 
3.14 (d, 3 H , 4JpH 3.0, NMe), 3.72 (m, I H , CHMe) and 6.62-
7.90 (m, 13 H , aromatics); 31 P-{ I H }, [) 44.81 (s, I Pl. 
X-Ray Crystallography Jor the Complex (S ,S)-2b.-Crystal 
data. C2 5H 32AsF6NP2Pd, M = 703.79, monoclinic, space 
group P2
" 
a = 10.340(2), b = 11.741 (3), c = 11.856(2) A, P = 
97.67(1)", U = 1426.5(4) A3 (by least-squares analysis of the 
setting angles of 25 reflections 37 < 29 < 45°), Mo-Kex 
radiation (A = 0.710 69 A) with a graphite monochromator, 
Z = 2, Dc = 1.638 g cm 3, F(OOO) = 704, specimen 0.17 x 
0.24 x 0. 19 mm, Il(Mo-Kex) = 19.7 cm- l 
Data collection and processing. A unique data set was 
measured at 295(1) K using the (J)---29 scan technique to a 
maximum 29 value of 50° on a Rigaku AFC6S diffractometer. 
Scans of (1.1 + 0.3 tan 9)° were made at a speed of 4.0° min- I 
(in ro) . The weak reflections [I < 10.Ocr(!)J were rescanned 
(maximum of four scans) and the counts accumulated to ensure 
good counting statistics. Stationary background counts were 
recorded on each side of each reflection . The ratio of pea k 
counting time to background counting time was 4: I. The 
number of unique reflections was 2662. The intensities of three 
representative reflections were measured after every 150. These 
showed a decrease in intensity of I % during data collection and 
hence the data were corrected accordingly. An analy tical 
absorption correction was applied which resulted in transmis-
sion factors ranging from 0.701 to 0.793 . 
Structure analysis and refin ement. The structure was solved 
by Patterson and Fourier-difference techniques. Fluorine atoms 
in one equatorial plane of the hexafluorophosphate anion were 
found to be disordered . These were refined as eight sites of half-
occupancy with isotropic displacement factors constrained to 
be equal, with Waser restraints being imposed on distances and 
angles between sites. II All o ther non-hydrogen atoms were 
refined anisotropically . Hydrogen atoms were included a t 
geometrically generated positions but were not refined . The 
absolute configuration was assigned on the basis of the known 
chirality of the resolving agent and was confirmed by 
refinement of a Flack absolute-configuration parameter [final 
va lue = 0.02(2)]. Refinemen t was continued until a ll shift/error 
ratios were < 0.3 : I . The final cycle of full-matrix least-squares 
refinement was based on 2164 observed reflections [/ > 
3.00cr(!)J and 3 13 parameters and converged with final Rand 
R' values of 0.035 and 0.044, respectively. The maximum 
and minimum peaks on the final Fourier-difference map 
corresponded to 0.65(5) and - 0.54(5) e A-3, respectively. 
Data reduction and refinement compu tations were performed 
with XTAL 3.2. ' 2 Atomic scattering factors for neutral atoms 
and real and imaginary disper ion terms were taken from 
ref. 13. 
Additional material avai lable from the ambridge Cry tallo-
graphic Data Centre comprises H-atom coordina tes, thermal 
paramctcrs and remaining bond length and angles. 
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Results and Discussion 
Synthesis and Resolution oj Compound (± )-1.-The asym-
metric bidentate compound (± )-I-(dimethylarsino)-2-(methyl-
phenylphosphino)benzene (± )-1 was prepared by the addition 
of sodium dimethyl arsenide in thf to a solution of (± )-(2-
chlorophenyl)methylphenylphosphine (± )-11, in the same 
solvent at - 78°C (Scheme I) . After the addition was 
completed the reaction temperature was raised to - 20 ± 5 °C 
and maintained for 48 h in order to optimise the formation of 
(± )-1. Four major components were identified in the crude 
reaction mixture, namely (± )-1, unreacted (± )-n, tetramethyl-
diarsane and methyldiphenylphosphine. An equimolar mixture 
of ( ± )-1 and (± )-n was isolated by fractional distillation of 
the crude product. These were separated by reaction with 
hexaaquanickel(n) perchlorate in acetone and gave a dia-
stereomeric mixture of complexes of the type [Ni{( ± )-1}2]-
[CI04 ] 2' The asymmetric bidentate ligand (± )-1 was liber-
ated quantitatively from the diastereomeric mixture of 
nickel(n) complexes upon treatment with aqueous potassium 
cyanide. Distillation gave pure (± )-1 as a colourless, viscous 
liquid in 48% yield. Unreacted (± )-n was recovered from the 
mother-liquor of the isolated nickel(n) complexes in 33% yield , 
after distillation . 
Reactions between sodium dimethylarsenide and substituted 
aryl halides are renowned for giving products in low yields.2.14 
Indeed, no evidence for the formation of (± )-1 was found when 
the reaction between sodium dimethylarsenide and (± )-11 in thf 
was carried out at 50°C. The sole products of the reaction were 
tetramethyldiarsane and methyldiphenylphosphine. This is 
only consistent with reduction of the chloro group of (± )-IT by 
sodium dimethylarsenide [equation (I)]. 
(± )-n + Na[AsMe2] + H'--+ 
PMePh 2 + i(Me2As)2 + a + + CI - (I) 
Resolution of compound (± )-1 was achieved via separation 
by fractional crystallisation of a pair of internally diastereomeric 
palladium(n) complexes containing the racemic ligand and 
orthometallated (R)- or (S)-dimethyl(l-phenylethyl)amine. A 
pair of diastereomeric chloride salts, vi::. (R ,S)- and (S,S)-2a, 
was produced in a bridge-splitting reaction involving (± )-1 
and di-Il-chloro-bis{ (S)-2-[ 1-( dimethylamino )ethyl]phenyl-
C I ,N }dipalladium(n) (S)- t , in methanol (Scheme 2). The 
addition of I equivalent of aqueous H 4 PF 6 to this solution 
gave a mixture of diastereomeric hexafluorophosphate salts 








(S, S)-28 (R, S)-28 
(ii) 
(S, S)-2b 
Scheme 2 (i) MeOH; (ii) NH 4 PF 6 in water 
stereomeric mixture from dichloromethane- propan-2-01 gave 
fine colourless needles of pure (S,S)-2b, (J. - 1820 (589 nm, 
acetone) . The addition of an excess of aqueous N H4 PF 6 to the 
mother-liquor gave a mixture of diastereomeric hexaftuorophos-
phate salts enriched in (R,S)-2 b. Numerous attempts to 
separate this diastereomeric mixture by fractional crystallisation 
from a range of solvent systems were unsuccessful. Instead , 
partially resolved (± )-1 was liberated from the mixture by 
reaction with concentrated hydrochloric acid in acetone 
followed by treatment of the isolated dichloropalladium(lI) 
complex with aqueous potassium cyanide (Scheme 3) . 
Resolution of the liberated ligand was achieved in a bridge-
splitting reaction involving partially resolved (± )-1 and the 
dimer (R)- I in methanol. The addition of an excess of aqueous 
H4 PF 6 to the solution gave a mixture of diastereomeric 
hexaftuorophosphate salts enriched in (R,R)-2b. The diastereo-
me ric mixture was twice recrystalli sed from dichloromethane-
propan-2-01 to give pure (R,R)-2b, ex. - 1820 (589 nm , acetone). 
Liberation of the optically active antipodes of (± )-1 from 
(S,S)- and (R,R)-2b was accomplished as shown in Scheme 4. 
Treatment of (R,R)- or (S,S,)-2b in acetone with concentrated 
hydrochloric acid gave the respective dich loropalladium(lI) 
complexes (R)- and (S)-3, (J. ± 31 0 (589 nm , dichloromethane) . 
Reaction of (R)- or (S)-3 with aqueous potassium cyanide gave 
the optically pure compounds (S)- and (R)-I , respectively, 
" ± 320 (589 nm, dichloromethane). Diastereomerically pure 
(R,S)-2b was subsequently prepared from (S)-I and the ch loro-
bridged dimer (S)- I in methanol by the addition of aqueous 
H4 PF 6, IX - 380 (589 nm , acetone). 
Crystal Structure 0/ Complex (S,S)-2b .- The absolute 
configuration of (R )-1 was assigncd by a crystal-st ructure 
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Impure (R, R)-28 
(Iv) 
(R, R)-2b 
Scheme 3 (i) Acetone, concentrated HCI; (ii) KC in water; (iii) (R)-
I, MeOH: (iv) H4 PF6 in water 





Scheme 4 (i) Acetone, concentrated HCI; (ii) KCN in water 
determination of the internally diastereomeric com plex (S,S)-
2b. The stereochemistry of the ca tion is depictcd in Fig. I. Non-
hydrogen atomic coordinates are given in Table I and selected 
bond lengths and angles in Table 2. The palladium atom has a 
distorted square-planar co-ordination geometry with the donor 
atoms As, P(I), Nand C(I) being essentia lly coplanar 
(maximum deviation from least-squares plane 0.0 125 A) and Pd 
0.0520 A from the least-squares plane. The angles a t the Pd a tom 
are AS- Pd- P( I) 85.90(7), As-Pd- N 101.0(2), P( I )- Pd- C( I) 
92.8(2) and N- Pd- C(l) 80.2(3t. The absolute configuration of 
the phosphorus stereocen tre P(I) is S and tha t of the carbon 
stereocentre C( I) is S . Furthermore, the methylphenylphos-
phino group of the asymmetric bidentate ligand was found to bc 
trans to the nitrogcn atom of the resolving agent. A similar 
a rrangement was observed in related internally diastereomeric 
paliadium(lI) complexes containing an o rthometallated opti-
ca lly active amine and the asymmetric bidentate liga nds (S)-
(+ )589" 1-(diphenylph osphino)-2-(meth ylphenylph osphino)_ 
ethane, 15 (S)-( - )589" 1-(diphenylphosphin o)-2-(methylphenyl-
phosphino)benzene 16 and (R)-( - )589-methylphenyl(8-quin-
0Iyl)ph osphine.17 
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Table I Non-hydrogen a tom coordinates for the complex (S,S)-2b 
Atom X/a Y/b Z /c Atom X/a Y/b Z /c 
Pd 0.677 20(6) 0.50000 0.76592(5) q17) 0.971(1) 0.680(1) 0.728(1) 
As 0.85789(9) 0.5595(1) 0.667 19(8) q18) 0.982(1) 0.450(1) 0.623(1) 
P(I) 0.5476(2) 0.5665(2) 0.6141(2) q19) 0.451 4(9) 0.6900(8) 0.6393(7) 
N 0.7804(8) 0.4237(9) 0.9162(7) q20) 0.512(1) 0.7763(9) 0.709 1(8) 
ql) 0.5230(9) 0.4432(9) 0.841 7(7) q21) 0.444(1) 0.874(1) 0.729(1) 
q2) 0.3956(9) 0.483( I) 0.8346(8) q22) 0.317(1) 0886(1) 0.681(1) 
q3) 0.308(1 ) 0.431(1) 0.8983(9) q23) 0.259(1) 0.804(1) 0.613(1) 
q4) 0.346(1) 0.346(1) 0.9683(9) q24) 0.323(1) 0.704(1) 0.591(1) 
q5) 0.472(1 ) 0.303(1) 0.977 9(8) C(25) 0.438 7(9) 0.4620(8) 0.541 9(8) 
q6) 0.561(1) 0.3527(9) 0.9186(7) P(2) 0.8639(3) 1.0322(3) 0.7470(3) 
q7) 0.703(1) 0.318(1) 0.9276(8) F(I) 1.0026(7) 0.981 6(9) 0.7387(7) 
q8) 0.747(1) 0.246(1) 1.033(1 ) F(2) 0.7273(8) 1.0808(9) 0.7510(9) 
q9) 0.780(1) 0.501(2) 1.0143(8) F(3) 0.880(1) 1.128(2) 0.655(1) 
C(lO) 0.919(1) 0.393(1) 0.905(1) F(4) 0.922(1) 1.I11( I) 0.847(1) 
qll) 0.777 3(9) 0.6181(9) 0.5228(8) F(5) 0.849(1) 0.930(2) 0.841(1) 
q12) 0.847(1) 0.658(1) 0.4384(9) F(6) 0.806(1) 0.949(1) 0.649(1) 
q13) 0.783( 1) 0.697(1) 0.3393(9) F(7) 0.849(1) 1.042(1) 0.611(1) 
q14) 0.650(1) 0.696(1) 0.31 7 5(9) F(8) 0.929(1) 1.155(2) 0.757(2) 
q15) 0.577(1) 0.6575(9) 0.401 4(7) F(9) 0.881(1) 1.027(1) 0.877(1) 
q16) 0.6399(9) 0.6169(8) 0.5020(7) F(IO) 0.798(1) 0.912(2) 0.734(1) 
Atoms F(3)- F( I 0) have occupancy 0.5 and a common isotropic displacement factor. 
Table 2 Selected non-hydrogen interatomic distances (A) and 
interatomic angles (0) 
Pd-As 2.436( I) Pd- P(I) 2.237(2) 
Pd- N 2.147(8) Pd- ql) 2.044(10) 
As-Pd- P(I) 85.90(7) As- Pd- N 101.0(2) 
N- Pd-ql) 80.2(3) P(I)- Pd- N 172.7(2) 
P( I )-Pd-q I) 92.8(2) As- Pd-q l) 176.7(3) 
Fig. I Molecular structure of the cation of complex (S,S)-2b 
N M R Speelra.-The ca tion in complex (S,S)-2b retains the 
same stereochemistry in solut ion. The 1 H NM R spectra of the 
internally diastereomeric complexes (R ,S)- . (R ,R)- a nd (S,S)-2b 
in CD2CI2 were consisten t with the stereogenic phosphorus 
centre being lrans to the nitrogen a tom of the orthometa lla ted 
o ptica lly active amine. The methine proton and the non-
equiva lent NMe groups in these complexes are coupled to the 
phosphorus atom IrallS to them. A similar stereochemical 
arrangcment has been observed in solution for related 
palladium(lI) complexes con taining the enantiomers of 
( R*,R*)- and (R*. *)- I-(methylphenylarsino)-2-(methyl-
phenylphosph ino)benzene.3 
No change was observed in the spectra recorded for complex 
(S,S)-2b in CD 2C1 2 or ( D 3h SO when con tinually monitored 
over I week. A similar resu lt was observed for related 
internally diastereomeric palladium(n) complexes containing 
orthometallated (R)-dimethyl( l-phenylethyl)amine and the 
enantiomers of (R* ,R*)-I-(methylphenylarsino)-2-(methyl-
phenylphosphino)benzene.3 In contrast, analogous compounds 
containing the same optically active amine (or its antipode) and 
the enantiomers of (R*,S*)-I-(methylphenylarsino)-2-(methyl-
phenylphosphino)benzene 3 and a range of asymmetric 
bidentate ligands with a single arsenic or phosphorus 
stereocentre and a non-stereogenic ,17 19 P 15 . 16 or S 20 atom 
underwent facile ciS-Irons isomerism in solut ion. Indeed, 
only (± )- I-(diphenylphosphino)-2-(methylphenylphosphino)-
benzene could be successfully resolved using (R)- or (S)-
dimethyl( l-phenylethyl)amine as the resolving agent. 16 In this 
case, ciS-Irons isomerism of the internally diastereomeric 
palladium(n) complexes was only observed in the polar solvent 
(CD3)2S0. The other chiral bidentate ligands, however, were 
successfully resolved using (R)-dimethyl[l-( l-naphthyl)ethyl]-
amine as the resolving agent. Here, facile cis-Irons isomeri m 
was on ly observed for complexes containing the enantiomers 
of (± )_I_(diphenylphosphino)-2-(methylphenylphosphino)-
ethane. 15 Isomerism in internally diastereomeric palladium(n) 
complexes containing an orthometallated optically active 
amine and a chiral bidentate ligand is believed to be 
intermolecular in nature and to proceed via labilisation of the 
Pd- (amine) bond or the bond IrallS to the orthometallated 
carbon atom. 15 Furthermore, isomerism is most prevalent in 
complexes containing orthometallated (R)- or (S)-d imethyl-
(l-phenylethyl)amine as these are invariably less kinetically 
inert than their counterparts containing orthometallated 
(R)-dimethyl[ 1-( l-naphthyl)ethyIJamine. 
Cliemoseleclive Cleavage R eaeliolls.-Chemoselective cleav-
age of a methyl group from the dimethylarsino moiety of 
compound (R)- or (S)- I. followed by alk ylation with RX 
(X = halidc), should give rise to a pair of diastereomers, the 
separation of which would provide a general synthetic route to 
optica lly active asymmetric bidentate compounds containing 
two stereogenic centres (Scheme 5) . Evidence for the chemo-
selective cleavage of a methyl group from (± )-1 has been 
found in liquid ammonia in the presence of sodium metal. The 
secondary arsine (± )_ I_(methylarsino)-2-(methylphenylphos-
phino)benzene was formed upon hydrolysis of the reaction 
mixture. however the reaction was clearly not elective as a 
number of ot her compounds including tetramethyldiarsane. 
methyldiphenylphosphine, methylphenylphosphine, ele., were 





Scheme 5 (i) 2 Li in thf; (ii) NH 4 C1 in water 
between (± )-1 and lithium in tetrahydrofuran , on the other 
hand, was much more selective. Hydrolysis of the reaction 
mixture gave tetramethyldiarsane and methyldiphenylphos-
phine as the sole products (Scheme 5). This result, however, is 
only consistent with selective cleavage of the dimethylarsino 
group from (± )-1. 
Conclusion 
Relatively few studies on the chemoselective cleavage of alkyl or 
aryl groups from tertiary arsines or phosphines have been 
reported .2.21 Indeed, the chemoselective cleavage of a single 
methyl group from 1,2-phenylenebis(dimethylarsine) by reac-
tion with odium in liquid ammonia is a rare example of such a 
reacton involving a tertiary arsine. 2 Our primary interest in 
studying chemoselective cleavage reactions of bidentate tertiary 
arsines and phosphines, in particular, lies in the role of the 
resulting arsenides or phosphides as potential precursors to 
chiral quadridentate compounds containing stereogenic 
arsenic- or phosphorus-donor atoms. For example, we have 
recently reported on the completely stereoselective synthesis 
of the chiral quadridentate compound (R* ,S*)-( ± )-1-
[(2-a m inophen yl)meth yl phosph i n 0]-2-[ (2-d imeth ylarsino-
phenyl)methylarsinoJbenzene from the reaction of (± )-(2-
aminophenyl)(2-chlorophenyl)methylphosphine with sodium 
(2-dimethylarsinophenyl)methylarsenide.22 Furthermore, the 
compound was shown to bind to cobalt(lIt) exclusivcly in the 
cis-a configuration . This result augurs well for the role of 
the optically active antipodes of the quadridentate compound 
as potential chiral auxiliaries in enantioselective synthesis . 
The optically active compounds (R)- and (S)- I are a lso seen 
as potential chiral auxi liaries in asymmetric syn thesis and 
catalysis. 
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Completely Stereoselective Synthesis of a Chiral Quadridentate ligand with As2NP 
Donor Atoms. Crystal and Molecular Structure of [OC-6,35-(R*,S*)]-( ± )-Dichloro {1-
[(2-dimethylarsinophenyl)methylarsino] -2-[(2-aminophenyl)methylphosphino]benzene-
As, AS',N,P}cobalt(m) Chloride Dihydrate 
Roy J. Doyle,s Geoffrey Salem*s and Anthony C. Willis b 
a Chemistry Department, The Faculties, Australian National University, Canberra, A.C. T. 0200, Australia 
b Research School of Chemistry, Australian National University, Canberra, A.C. T. 0200, Australia 
Reaction of (± )-(2-aminophenyl)(2-chlorophenyl)methylphosphine with sodium 
(2-dimethylarsinophenyl)methylarsenide is completely stereoselective giving 
(R* ,S* )-1-[ (2-dimethylarsi no phenyl )methyla rsino ]-2-[ (2-ami no phenyl )methylphosphi no] benzene, 
(R*,S* )-1; as confirmed by a crystal structure determination of cis-[CoCI2 { (R*,S*)-1 } ]CI ·2H20 . 
Optically active quadridentate ligands have received little 
attention as chiral auxi liaries in asymmetric synthesis . Certain 
te tradentate ligands containing four nitrogen donor atoms 
have been used to effect the stereoselective synthesis of ex-
aminoacidates, l however, to our knowledge none containing 
phosphorus or arsenic donor atoms have been utilised in 
enantioselective synthesis, despite di(tertiary phosphines) 
being arguably the most successful chiral auxiliaries in 
asymmetric catalysis.2 Appropriately designed optically active 
quadridentate Igiands bearing two or more stereogenic 
phosphorus or arsenic donor atoms and that selectively form 
cis-ex complexes with transition metal ions offer an enormous 
potential as chiral auxiliaries in asymmetric synthesis , parti-
cularly in controlling the stereoselectivity of reactions invol-
ving substrates that bind in a bidentate fashion. A few 
examples of chiral te tradentate ligands containing arsenic or 
phosphorus stereocentres have appeared in the literature and 
include the racemic compounds (R*,R*)-l ,2-bis{(diphenyl-
phosphinoethyl)phenylphosphino }ethane , tet raphos; 
(R'" ,R"')- l ,2-bis{ (2-dirnethylarsinophenyl)methylarsino }ben-
zene , qars; (R* ,R*)-l ,2-bis{ (dimethylarsinopropyl)methyl-
arsino} benzene , fars; and (R* ,R*)-l ,2-bis{ (dimethylarsi no-
propyl)phenylarsino }ethane, te tars. 3- 5 The la tter ligand has 
also been successfully resolved by Bosnich et aP Further-
more, the racemic form of the ligand qars was found to 
coordinate to cobalt(llI ) to give the cis-ex diastereomer 
exclusively.4 This is a very important consideration in any 
rational approach towards the design and synthesis of chiral 
auxiliaries based on ligands of this type due to the relatively 
large number of isomeric possibilities. 
Here we report on the stereoselective synthesis of a chiral 
quadridentate ligand (R* ,S*)-( ±)-1-[(2-dimethylarsino-
phenyl)methylarsino ]-2-[ (2-aminophenyl)methylphosphino]-
benzene, (R* ,S*)-I; the optically active forms of which have 
been specifically designed to be used as chiral auxiliaries in 
Scheme 1 Only one of the enan tiomers of (R*, *)-1 and (±)-2 is 
depicted . ReagenlS and condiTions; i, 3Li , THF then H20 ; ii . Na. THF 
then Mel , THF; iii , 3Li , THF then H20 ; iv , a , THF then 1,2-
dichlorobenzene, T HF; v, sodium(2-dimethylarsinophenyl)methyl-
ar enide , THF; vi , [Co(H20)6]Ch, MeOH, air. 
asymmetric synthesis. The basic strategy behind the synthesis 
of (R*,S*)- l involved the coupling of two sui tably designed 
bidentate ligands, (±)-(2-aminophenyl)(2-chlorophenyl)-
methylphosphine, (± )-2, and sodium (2-dimethylarsi no-
phenyl)methylarsenide (Scheme 1) . This approach has been 
undertaken for two reasons: firstly , the coupling of appro-
priately designed optically active bidentate ligands could 
provide a general synthetic route to optically active quadri-
dentate ligands; and secondly, the resolution of chiral 
bidentate ligands via metal complexation is well established .6 
Compound (±)-2 was prepared in four relatively high 
yielding steps from (2-aminophenyl)diphenylphosphine 
(Scheme 1). t Chemoselective cleavage of a phenyl group from 
(2-aminophenyl)diphenylphosphine7 by reaction with 3 equiv. 
of lithium in THF followed by hydrolysis gave secondary 
phosphine (± )-(2-aminophenyl)phenylphosphine.* Deproto-
nation of the secondary phosphine with sodium in THF 
followed by addition to a solution of methyl iodide in the same 
solvent at -78 °C gave (±)-(2-aminophenyl)methylphenyl-
phosphine. Completely chemoselective cleavage of the phenyl 
group from the latter was achieved using lithium in THF to 
give (±)-(2-aminophenyl)methylphosphine, upon hydrolysis. 
Subsequent deprotonation of the secondary phosphine using 
sodium in THF followed by reaction with 1,2-dichlorobenzene 
gave (±)-2 . 
The product , (R* ,S*)- I , from the reaction of (±)-2 wi th 
sodium (2-dimethylarsinophenyl)methylarsenide in THF was 
Fig. 1 Molecular structu re of the cat ion cis-(±)-[CoCI2 {(R* .S*)- I } J+. 
Selected bond distances and angles are as fo llows: Co-As(l) 2.311(2) , 
Co-As(2) 2.258(2). o-P 2.173(4), Co-N 2.008(10) , Co-C1(I) 
2.279(4). Co-Cl(2) 2.296(4) ; As( 1)-Co-As(2) 86.07(8). As(1)-Co-
CI(2) 85.7( 1). As(2)- o-CI(2) 85 .8(1), A (2)-Co-N 96.8(3) , CI(I)-
Co-P 91.2( 1). P-Co-N 86. 1(3) . As(1)- 0- 1(1) 88.5(1) . As(I)-Co-P 
100.4( 1). As(2)- o-P 87.0( 1). CI(1)-Co- 1(2) 96.5( 1). CI( I)-Co-N 
88.9(3) and CI(2)-Co-N 88. 1 (3)" . 
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treated with a solution of hexaaquacobalt(ll) chloride in 
methanol and oxidised in air to yield a single complex, cis-(±)-
[CoCI2 {(R* ,S*)-I} )CI ·2H20 ,§ the structure of which has been 
confirmed by an X-ray analysis (Fig. 1) .~ The complex is a 
racemic compound with the ~-(RA"Sp) and A-(SAs,Rp) forms 
of the cation being present in the unit cell. Only the former is 
shown in Fig. 1. It is clear from the structural data that the cis-
ex diastereomer has been formed exclusively and that the 
stereogenic arsenic and phosphorus atoms of the quadriden-
tate ligand have opposite relative configurations. Further-
more , the data show that the coupling reaction between (±)-2 
and sodium (2-dimethylarsino- phenyl)methylarsenide was 
completely stereoselective . This result augurs well for the role 
of the optically active forms of (R* ,S*)-I as potential chiral 
auxiliaries in enantioselective synthesis. Resolution of (±)-2 
via the method of metal complexation is currently in progress. 
The optically active bidentate (S)-2 [or (R)-2) should again 
react with sodium (2-dimethylarsinophenyl)methylarsenide in 
a completely stereoselective manner to give (R,S)-I [or (S,R)-
I) the cobalt(lIl) complex of which is to be used as a chiral 
auxiliary in the stereose\ective derivatisation of the glycinate 
ion. 
Received, 18th March 1994; Com. 4/01635A 
Footnotes 
t Yields for the first three steps in the synthesis of (±)-2 were >80%. 
The final step is a relatively slow reaction that proceeds in ca. 40% 
yield. [Some 30% of the starting material (±)-(2-aminophenyl)-
methyl phosphine was recovered from the reaction) . 
:I: When less than 3 equiv . of lithium were used some unreacted 
starting material was recovered from the reaction. Presumably 
deprotonation of the amino group accompanied the chemoselective 
J. CHEM. SOC., CHEM. COMMUN., 1994 
cleavage of a phenyl moiety from (2-aminophenyl)diphenylphos-
phine. 
§ Small quantities of trans-[CoCI2(diarsh)CI8 and [CoCI2(PNh )Cl 
[diars = 1 ,2-phenylenebis(dimethylarsine) , PN = (±)-(2-amino-
phenyl)methylphenylphosphine) were also isolated . 
~ Crystal data for cis-(±)-[CoCI2{(R*S*)-I }JCl ·2H20 , 
Cz2HJQASzCI3CoNP02 , M = 686.59, triclinic, space group pI (no. 2) , 
a = 9.261(2) , b = 12.129(1) , c = 12.397(1) A, ex = 94 .908(9) , ~ = 
97.84(1) , Y = 94.34(1) 0, U = 1369.1(4) A3, Dc = 1.655 g cm- 3 for Z = 
2, F(OOO) = 688, Il(Cu-Kex) = 110.12 em- I. Of 4081 measured 
intensities , 2490 were considered observed [I > 30(1)) . After 
Lorentz-polarisation and absorption corrections, the structure was 
solved by direct methods and expanded using Fourier techniques. 
Subsequent refinement (full-matrix least squares) afforded Rand R", 
values of 0.054 and 0.055, respectively. Atomic coordinates, bond 
lengths and angles , and thermal parameters have been deposited at 
the Cambridge Data Centre. See Information for Authors , Issue No. 
1. 
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# I 
Reply to Examiners Comments on Thesis. 
Typographical and grammatical errors noted in the examiners reports have been 
corrected in the text. Vertical misalignments of the text, which occur mainly in the table of 
contents, are due to problems inherent to the word processor available when the thesis was 
compiled. 
To specific comments enumerated: 
1. Noted. 
2. i, line12. "optically active" redundant and deleted. 
3.The specific rotation a has been written throughout the thesis in the 
format: a ± angle of rotation (wavelength A nm, solvent). This is in 
accord with current practice in the major British Chemical Journals. 
4. Pentadentate, rather than quinquedentate, has been used as this is 
consistent with the use of quadridentate, rather than tetradentate. 
5. Noted, but not changed. 
7. iv, line 6 up . Corrected. 
8. v, line 2, Corrected. line 4, "The decomplexation is not, however, 
stereospecific." deleted and replaced with "The stereochemistry is not, 
however, retained on decomplexation." 
9. Due to vertical misalignment of text. WP problem as noted above. 
10. Corrected. 
11 . WP problem as before. 
12. Corrected. 
13. xx, line 3. The section on stereochemical nomenclature in the thesis was 
meant to give a clear and precise explanation as to how stereochemical 
descriptors were assigned. Detailed explanations and definitions of terms 
are to be found in the designated references. 
15. Noted. However, inclusion of diagrams for every compound mentioned 
in the text would hardly be feasable. 
16. Corrected. 
17. Agreed. p 17 line 9. "tripodal" has been deleted. 
18. p 18. Agreed that the ligand, 31c, in the case where X = N and all 
four donors coordinate in an octahedral complex then the C3 symmetry 
will be lost. However, when X = N, the ligand, 31c, yet posseses C3 
symmetry and this is all that is being said. 
19. p 24, par 2, line 1. "fortuitous" in that, by chance, developments in 




23. p 40. line 1. It is, of course, the Ag+ complex that self assembles but this 
is implicit in " ..... of a double-stranded tetra(tertiary phosphine)disilver(I) 
complex" . 
24. p 43. Scheme 8 is a very general outline and does not display the 
intermediate steps in the process. These steps are shown in detail in 
Scheme 17, P 63. 
25. P 46. Identification was by NMR and Mass spectroscopy. A statement to 
this effect has been has been added to para 1, p46. 
26. P 53, "assigned" replaced by "determined". p 56, Comment on the use 
the PPF command noted. It does detract a little from the NMR. 
27. p 58 "recorded" replaced by "observed". "isomerism" v "isomerisation". 
I would favour use of "isomerism" here. See also usage in ref 240. 
28. p 61. This section is clearly referenced to the work of Carlton and Cook and 
was included here for clarity and completeness. 
29. It was not thought that any further significant structural information 
could be obtained from l3C or 2D NMR. 
30. P 71.The chelating diphosphine (Rp*,Rp*)-1,2-phenylenebis(methylphenyl-
phosphine) is readily available in high purity from the Research School 
of Chemistry. Furthermore the Pd complex formed is easily and cleanly 
removed after the reaction. 
31. p 75. Corrected. 
32 p 78 .... .ine is correct. 
33.p 82. Noted. 
34. Corrected for each occurrence. 
35. Agreed. However, the primary objective here was not the preparation 
of a Co (III) complex of this ligand but rather to identify and correlate 
the products formed under the same conditions of complexation used for 
the crude products (which include this ligand) from a coupling reaction. 
36. p 107. The total product was examined as is stated p98, para 2. No other 
diastereomers of the quadridentate ligand were detected and thus the 
reaction was completely stereoselective. 
38. Agreed. The presence of DCI in CDCl3 is quite often observed. 
39. p 168. Corrected. 
40. p 117. Selective oxidation was considered as a possible method for 
elimination of the secondary arsine. However it was anticipated that oxidation 
at the As or P stereocentres of the quadridentate was also likely to occur. 
Oxidation of the sec-arsine to an arsinic acid species rather than to the oxide 
or dioxide was also a distinct possibility. Agreed that CD30D is not a good 
solvent for observing NH2 protons. However this, other than D20, is the only 
solvent in which these complexes are sufficiently soluble . 
41. P 118. A sample of the free quadridentate ligand has only been obtained via 
cyanolysis of the Co(III) complex and even then a degree of epimerisation 
at the arsenic centre was observed. Thus a comparison is not possible. 
43. p 123. Noted. 
44. p 151. Corrected. Dowex 50Wx2 was the ion-exchange resin used and x2 
should certainly been included. This has been done for each occurrence in the 
text. 
45.p 151, line 4. Corrected. 
46. Such comparisons were carried out, see p 92, para 2. 
An authentic sample was prepared using published procedures and its 
NMR and elemental analysis compared with the product from the coupling 
reaction. Incidentally, a crystal structure was carried out inadvertently on 
the trans-[CoCI2(diars)2]CI from a coupling reaction.The structure was not 




Other non-enumerated comments: 
p22line 7, p 124 ref 112, p114 Scheme 30. Corrected. 
P 57 Coupling of the methine proton and the trans phosphorus is 
mentioned p 55. 
P 101 The complex [CoCI2((±)-73h]CI is formed, albeit in small amounts, 
and can be isolated. It was therefore included in the seperation scheme. 
p 108 The NH protons in this compound are most certainly diastereotopic. 
p54 Fig 7. This is not really relevant to the thesis work. I would, however, 
point out that for complexes of this type, using the phenyl resolving agent 
(as is the case here), it is known that the methyl group in question can 
adopt either the axial or equatorial position. When a naphthyl resolving 
agent is used, however, it is found that the methyl substituent is now 
restricted to occupying the axial position only. This is in complete agreement 
with the work of Brown et at quoted in the comment. Furthermore, the ability 
of this methyl group to adopt either the axial or equatorial position with the 
phenyl resolving agent, may explain why asymmetric bidentate ligands cannot 
normally be resolved using this agent. 
p36 Fig 5. This figure is a stereochemical representation and as such 
is identical with that published by Bosnich in his original work on these 
compounds. The number of possible conformers is of course much larger 
and rapid interconversion between all possible conformations will take place 
in solution. 
p 82 Figs 16. 17 P 104, fig 23. Corrected 
p78 line 12. Corrected. 
p 79 Scheme 24. Lone pair added to 88. 
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